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Abstract

This report contains a validated database of pollutant emission factors
applicable to the disposal of energetic-containing materials through
open-air burning (in burn pans) and unconfined detonati on processes
(OB/OD). The enission factors in the database were conpil ed using data
from studi es, which neasured the quantities of particles, senmivolatile
organi c conpounds, polychlorinated di benzo-p-di oxins and furans, toxic
netals, volatile organi c conpounds, and inorganic gases rel eased when
0.22 kg of energetic materials were detonated and 2.2 kg of these
materials were burned in 930 n? chanbers, called BangBoxes. Air sanples
fromthe chanber were anal yzed for over 275 anal ytes. The actions taken
in validating the database are al so described along with the mini num
guantification limts for each pollutant neasurenent system Sunmmary
statistics were calculated and conpared to the results fromsnaller
(0.02 kg)and larger (250-3,200 kg) scal e detonations and burns of
energetic materials. These conparisons confirmand expand upon results
fromearlier studies which determ ned that enission factors derived from
chanber - based results can be used to predict the emi ssion products that
woul d be rel eased fromnuch | arger scal e detonations and burns, that is,
the results are scal abl e. These conparisons al so indicate that OB- and
OD- based processes can be environnentally friendly ways to di spose of
many of the energetic materials in the dem| inventories of the world.
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DPG Dugway Proving G ound, UT

LLNL: Lawrence Livernore National Laboratories

SNL: Sandi a National |aboratories

Definition of Terns

Bl ast effect: the high pressure generated by the expl osion.

Bri sance: the ability of an explosive to provide shock waves to shatter
the target. After shattering the target, the shock wave can conti nue
nmovi ng through the target. |n this respect, brisance differs from bl ast
effect. The blast itself can not transnit the energy through solid

mat eri al w thout noving the target, but shock waves can

Conposite Explosive: A solid propellant conprised of an oxidizer (e.g.
ammoni um perchlorate) and a netallic fuel (e.g., alum num powder) held
together by a polyneric substance (e.g., polybutadiene).

Doubl e-base Propellant: A solid propellant conprised of nitrocellul ose
(NC) and nitroglycerin (NG .

Enmi ssion Factor: The nass of an anal yte rel eased by a detonation or burn
normal i zed to the energetic mass of the material (MEM detonated. In the
dat abase, the emission factors are in terns of Kg anal yte/ kg MVEM

Encapsul at ed Energetic: An assenbl ed energetic-containing material, such
as a nine or a fuze.

Energetic: A substance, either a pure conpound or a m xture of

conpounds, capable of undergoing a very rapid chem cal change, releasing
| arge quantities of heat and |arge vol unes of hot gases. |Includes high
expl osi ves, | ow expl osives (propellants and pyrotechnics), incendiaries,
fuse powders and thermtes.

Expl osi ve: A chem cal conpound or mi xture which, when subjected to heat,
i mpact, friction, shock or other suitable stinmulous, undergoes a very
rapi dchenical reaction with the evolution of |arge volunmes of heated
gases that exert high pressures in the surroundi ng nedium Expl osives
are a subset of energetics, excluding those which do not produce |arge
vol unes of hot gases (e.g., incendiaries, fuse powders and thernites).

Hi gh Expl osive: An energetic material in which the deconposition process
(detonation) proceeds through the entire material at supersonic speed.
The rate at which the deconposition process passes through the expl osive
is deternined by the velocity of the shock wave.

TNT, RDX and PETN are exanpl es of high expl osives.

Low Expl osive: An energetic material in which the deconposition process
(defl agration) occurs at subsonic speed. The deconposition occurs on
the surface of the explosive only; there is no shock wave.

Propel |l ants and pyrotechnics are exanpl es of | ow expl osives.

Vi



Singl e -base Propellant: A solid propellant containing only
nitrocellulose (NC) as the primary energetic materi al

Target Anal ytes: The chem cal species sought in the enissions fromthe
detonations and burns, e.g., Pb, A, acetylene. The target analytes are
identified in Appendix C

Tripl e-base Propellants: A solid propellant conprised of nitrocellul ose
(NCO), nitroglycerin (NG and nitroguani dine (NQ.
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Executi ve Summary

A dat abase of enission factors applicable to the open burning (in burn
pans, OB) and open detonation (OD) practices routinely used to destroy
surplus or unserviceable energetic materials has been constructed and
val i dated using enissions data from 16 energetic materials which were
burned and 23 naterials which were detonated in a 930 nt chanber call ed
a BangBox. Both high and | ow expl osives in bulk and assenbl ed

(encapsul ated) formwere detonated, but only | ow explosives in bulk and
encapsul ated forns were burned.

The dat abase al so contains enission factors fromthe burning of two
surrogate materials, dunnage and an energetic-containing waste. The
waste sinulated one that would result from cl eaning the processing

equi pnent after an al uninized ammoni um perchl orate (Al - AP) waste had
been manufactured. The burns of these surrogate materials were initiated
with diesel fuel

A conparison of the enission factors in the database to those generated
in other chanber studies and in large scale, unconfined field tests
showed that all test results conforned to detonation theory. This
finding indicates strongly that it should be possible to classify
energetic materials into broad categories for the purpose of predicting
t he enission products and confirned that chanbers can be used to derive
em ssion factors for use in predicting the em ssions from unconfi ned
det onati ons and burns.

Significant findings fromthese conparisons follow

Fi ndi ngs Applicable To Both OB and OD

(1) Unconfined detonations, |ightly-confined detonations and
burns vyield sinmlar emssion products, but the mx of products is
different. If the energetic materials do not contain toxic netals,
chlorine, plastic, wood or diesel fuel, the enission products will be
CO, HOand N, along with small quantities of NOx and |ight
hydr ocarbons. Consistent with detonation theory, nolecules |arger than
the starting nol ecul es are not forned, even when the detonation is
partially confined.

(2) The following four paraneters are statistically the sane
across all the itens detonated and burned in an unconfined state: %C as
COx, %O COx, %N as NOx, and %NO NOX.

(3) The enission products from nost energetic materials destroyed
by OB and OD processes will be adequately represented by the foll ow ng
anal ytes: CO,, CO NO NO, total saturated hydrocarbons (e.g., ethane,
propane, butane), acetyl ene, ethylene, propene, benzene, toluene, and
particul ate.

(4) Low recoveries of alum num |ead, sulfur and chlorine were
common across all detonation and burn studies used in these conparisons.
In all studies 98 to 99% of the chlorine recovered was determ ned to be
HO . The high reactivity of chlorine is a likely explanation for the | ow
recoveries. The reasons for the | ow recoveries for sulfur and the



netals still need to be deternined to nore fully characterize the
environnental safety of OB and OD practices.

(5) Because nost of the enission products from OB and OD
operations are all species commonly found in the environnent, it is
particularly difficult to correct for contam nation of netals and sem -
vol atil e organi c conpounds (SVQOCs)rel eased fromthe walls of the chanber
or the soil by the blast wave or the rapid novenent of heated air. To
conpensate for the sanple contam nation fromthese sources when
neasuring the enission products from OB and OD activities, background
sanpl es should be collected by sanpling the enissions from burning or
detonating a material that would not be expected to rel ease SVOC s or
netals, e.g., detonation cord and nitrocell ul ose.

Fi ndi ngs Applicable to OD Only

(1) For the unconfined detonations, the nedian % recovery of
carbon as carbon oxides (CO + CO was 98.5% only 1.6% of the carbon
was recovered as CO. The nedian % recovery of nitrogen as NOx was 1.2%
The remaining nitrogen was likely converted to N, in confornmance with
detonation theory and the results fromlarge scal e detonations conducted
in the tunnels at the Nevada Test Site.

(2) Det onati on- based processes can be an environnental |l y-safe way
to dispose of bulk energetic materials, particularly for those which
have been recovered from assenbl ed nmuniti ons and for which there is no
commercial or mlitary use. This is especially applicable when: (1) the
detonation occurs in an unconfined or lightly-confined state; (2) the
detonation goes high order; (3) the soil particles released to the
at nosphere are not hazardous in their own right; and (4) the toxic
netals in the energetic materials are either at concentrations | ow
enough not to endanger the health of hunans or ecosystens or, their
rel ease to the environnent can be kept bel ow these |levels. Coupling OB
wi th phytorenediati on techni ques could be particularly rewarding in
terns of protecting human health and the environnment in both the short
termand long term

(3) It is al so possible that nany assenbl ed nunitions could be
destroyed in an environnental ly safe manner using detonation-based
processes, provided research can provide a better understandi ng on how
the follow ng variables affect the em ssion products: donor charge
pl acenment, stacking geonetry, mass of energetic material, degree of
bl ast confinenent and the type of casing.

(4) Conpared to an unconfined detonation of the sane nateri al
detonating an energetic under a soil cover (buried detonation), or under

other conditions which inhibit the formation of a fireball, will cause a
decrease in CO, and an increase in soot (free carbon), CO |Iight
sat ur at ed hydrocarbons, acetyl ene, ethylene, propene, benzene and
toluene. It will very likely also increase the quantities of undegraded
or partially degraded energetic starting materials. Placing an oxygen
source next to a buried energetic material will not automatically ensure
that detonation will convert all the carbon in the energetic to carbon
oxi des.

(5) Buri ed detonations shoul d be avoi ded whenever possible. For
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t hose situations where OB is not acceptable and bl ast noise control is
needed, nunerous, small scale detonations in chanbers shoul d be
considered as an alternate to buried detonations.

Fi ndi ngs Applicable to OB Only

(1) The nedi an % recovery of carbon as carbon oxides (CO, + CO
fromthe materials burned was 98.5% only 0.2% of the carbon was
recovered as CO The nedian % recovery of nitrogen as NOx was 0. 9%
The remaining nitrogen was likely converted to N, in conformance with
detonation theory and the results fromlarge scal e detonations conducted
in the tunnels at the Nevada Test Site.

(2) Open burning is an environnentall y-safe neans to di spose of
single, double and triple base (organic-based) propellants when the
propel l ants do not contain significant anounts of other conbustible
mat erials, such as diesel fuel, wood and chlorinated plastics or toxic
netals. OB may be particularly appropriate for destroying energetic
materials which result from steanout, water jet cutting and other
demilitarization processes. Coupling OB with phytorenedi ati on techni ques
could be particularly rewarding in ternms of protecting human heal th and
the environnent in both the short termand long term

(3) Open burning may al so be appropriate for energetic materials
containing AP, if the HO and any netals in the energetic released could
be prevented fromentering the environnent in quantities which could
endanger the health of humans or ecosystens. Pollution contro
t echnol ogi es that could acconplish this are avail able, although their
suitability for this application needs to be established.

(4) Bur ni ng energetics containing plastics and chlorine in the
presence of diesel fuel and wood nay produce di oxins and furans.



Chapter 1
| nt roducti on

U S. EPA Requl ations For the D sposal of Energetic Mterials
During the Cold War, the United States of Anerica, its allies and the
former Soviet Union accunul ated over 9,000,000 tons of energetic
materials. Wth the ending of the Cold War, the United States, as well
as these other countries, are now faced with di sposing of |arge
inventories of these materials in an environnental ly sound manner. For
exanple, in 1997, the U S. Departnent of Defense (DoD) had 450, 000 tons
inits "denm| inventory" and the inventory has been increasing by 40,000
to 50,000 tons per year.

The four nethods commonly used to di spose of unneeded energetic
materials are: (1) incineration; (2) disassenbly, recovery and recycling
(DRO); (3) burning in pans in an open area (OB); and (4) detonating
either at ground level (OD) or under a soil cover (buried QD).

Al t hough incineration and DRC are the environnental | y-preferred nethods
of disposal, for the follow ng reasons, they are not suitable for

di sposing of many of the itens already in the denil inventory or likely
to enter the inventory in the near future. First, the conposition of
many of the materials is either unknown, unstable, obsolete or has
degraded. Second, the nmaterials cannot be safely disassenbled. Third,
the financial and environnmental expense of devel oping a recovery and
reuse technology for themcannot be justified based on the quantity in
the demi| inventory or the comercial value of the nmaterial that would
be recovered. For these materials, OB and OD are the only di sposa
techni ques currently avail able and, thus, they continue to be an
integral part of this nation's denil prograns.

In the US., as el sewhere, there are concerns about the inpact of OB and
OD- based practices on human health and the environnent. In the U S., the
di sposal of energetic materials by OB and OD has been regul at ed under

t he Resource Conservation and Recovery Act (Subpart X of 40CFR264)1,
since 1984. One of the najor concerns is the degree to which the
energetic and its associ ated packing or containnent nmaterials are
converted to innocuous chenicals. Qher concerns relate to the
toxicities and dispersion in the environnent of the ash, soil and

chem cal pollutants rel eased and the inpact of the blast waves and sound
waves rel eased

Because of these concerns the Subpart X permits that have been issued
are very restrictive in terns of the conditions under which OB and OD
can be carried out and the quantities that can be destroyed at one tine,
and over selected periods. To obtain a Subpart X pernit, a facility
must, at a mininmum provide the following information to the regul atory
agency. First, the identity and quantities of pollutants and debris
that will be rel eased per event and over tine. Second, the intensity of
the bl ast waves and sound waves that will be generated. Third, a
description of how these pollutants, debris, blast waves and sound waves
wWill be distributed in the environnment. Fourth, the degree to which the
heal t h of hunmans and the environnment nay be endangered in the short term
(event basis) and over the lifetinme of the OB and OD program
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The Detonation Process

Expl osives are the class of energetic materials nornmally di sposed of by
OB and OD procedures. Explosives fall into two general classes: high
and | ow?. Hi gh explosives are energetic materials in which the
deconposi ti on process (detonation) proceeds through the entire materi al
at supersonic speed. The rate at which the deconposition process passes
t hrough the explosive is deternined by the velocity of the shock wave
and not by the rate of heat transfer. Low explosives (propellants and
pyrotechnics) are energetic materials in which the deconposition process
(defl agration) occurs at subsonic speed. The deconposition occurs on
the surface of the explosive only and there is no shock wave. The rate
determning factors in the deflagration process are the rate of heat
transfer into the propellant itself fromthe burning surface and the
rate of deconposition of the propellant fornulation. The rate of the
heat transfer is affected by the pressure of the conmbustion products.

The anount of energy released by propellant burning is conparable to
that rel eased when a hi gh expl osive of that same nass is detonated; the

difference is in the rate at which the energy is released. 1In high
expl osi ves, a fast reaction produces a very high pressure shock in the
surroundi ng nedium This shock is capable of shattering objects. In

propel lants (low explosives), a |lower pressure is produced that extends
over a longer period of tinme. H gh explosives produce peak pressure of
36, 000 to 360,000 atnospheres in less than 4 nicroseconds; this pressure
wave radi ates through the material at a velocity (detonation velocity)
bet ween 2,500 and 10,200 nfs. The detonation also produces a 2-10
second fireball (afterburn) which has initial dinensions 1.2 to 1.5
times the dinensions of the material detonated. Propellants on the

ot her hand, sel dom produce peak pressures in excess of 3,500

at nospheres. TNT, RDX, Conp B are exanpl es of high expl osives and
nitrocellul ose (NC) and nitroguanidine (NQ are exanples of |ow

expl osives. Nitroglycerin (NG by itself is a high explosive, but when
added to NC, it becones part of a | ow explosive. For both types of

expl osives, the initial release of energy results from adi abati c,

oxi dati on reduction processes, which involve oxidant (e.g., -ONO, -NO,
-NHNG,) and reductant (e.g., CH) radicals within the energetic

mat eri al

Cook® and Ornell as*® have published extensively regarding the nechani sns
i nvol ved when expl osi ves are detonated and burned. The infornation
presented in this section was taken primarily fromtheir publications.

Cook’s publication provides a very lucid, conprehensive description of
how expl osi ves are nmade and how their performance is nodified by the
addition of accelerators and retardants. Onellas’s publications, on the
ot her hand, describe results from experinments conducted to derive

t her rodynamni ¢ codes for use in predicting the expl osive performance of
C, H N, O Al -based expl osives. These studies primarily assessed the
effect the following factors had on the efficiency and effectiveness of
t he detonation process: explosive density, purity, and particle size;
degree of confinenment; and type of initiating charge. One of his
reports* presents a conprehensive sunmary of the results obtained from
detonating 25g cylindrical pellets (6.4 to 12.7 mmdi aneter, 114 nmm

| ong) of 43 energetic materials in a 5.3L bonb calorineter at Law ence



Li vernore National Laboratories (LLNL). Most of the detonations were
done with the cal ori neter evacuated, but a few were done when the
calorinmeter was pressurized with either CO, or O. Some of the
detonations were done with the energetic sinply suspended by a string
(unconfined detonation), others were done with the energetic encased in
gl ass or netal cylinders; sonetines the ends of the cylinders were open
(partially-confined detonation), but at other tines they were closed
(fully-confined detonation). Approximately 90 minutes after the
detonati on, gas sanples were taken fromthe bonb cal ori neter and
analyzed for N,, CO CO, H, HO CH, NO NGO, HCN, HO, HF, CH, GCH,
CH;, and CH,O as appropriate. The calorineter itself was also rinsed
out and the rinse analyzed for solid carbon (C), HO, HF Al ,0, and Zr,0,,
as appropri ate.

Onellas’s studies deternmined the foll ow ng:

(1) The maj or reaction products from an unconfined detonation are
primarily the fully oxidized, thernodynanically-stable conpounds: N,
CO,, and H,O. The detonation al so produces small quantities of
i nconpl et el y-oxi di zed, conbusti bl e products such as el emental carbon
(Cs or soot), GO H, CH, NO NO, HON, HO, HF, GH, GH, GH; and CH,Q
but, as the fireball expands all or nost all of these latter products
react with O, in the air or with each other to formCGQ, N, and HO The
oxidation (afterburn) of these initial products rel eases energy which
hel ps support additional conbustion. After the burning gaseous nass
cools to about 1800° K, the reaction rates fall to a point where further
chem cal change takes hours or |onger to occur

(2) The actual conposition of initial detonation products depends
on a variety of factors; one of the nost inportant of these is the
anmount and form of oxygen in the energetic nolecule. |f the energetic
i s oxygen-bal anced or only slightly oxygen-deficient, npst of the carbon
is converted to CO, and nost of the hydrogen is converted to HO at the
i nstant of detonation. As the oxygen-bal ance becones nore negative, the
anmount of soot, CO and other inconpletely oxidized products forned
increases and the fireball nust occur if the inconpletely oxidized
products forned by the detonation are to converted to CO, N, and HO.

(3) Cenerally, at least 97% of the nitrogen in the energetic is
rel eased as N,; alnpbst all the rest is released as NO and NO.

(4) As noted above, the initial release of energy by an expl osive
results froman adi abatic oxidation reduction nmechanism This was
dramatically denmonstrated by Ornellas using a 20:80 blend (by weight) of

ammoniumnitrate (AN) and TNT. |In his experinents, Onellas used
unl abel ed AN (contains 99.8% ,N), |abeled AN (contains 99. 1% ;N
i sotope) and unl abel ed TNT (contains 99.8% ,N). In one of the

experinments he made a slurry of TNT and AN in toluene, dried the slurry,
bl ended it, sieved it through a 30-nesh screen and pressed the resulting
powder into 12.7 mmdi aneter pellets, which he then detonated in the
calorinmeter. 1In the other experinent he detonated a 12.7 nm di aneter AN
pellet containing a 6.4 mmdi aneter core of |abeled AN and an annul us of
unl abel ed AN. After each detonation, Onellas neasured the isotopic
content of the N, forned, i.e., 3NN, NN, and ;NN The two
experinments yielded sinilar results, i.e., only about 13% of the
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nitrogen in the TNT and the AN ni xed.

(5) If the oxygen in the energetic is bonded with nitrogen, the
energy rel eased upon detonation is nmuch greater than that which is
rel eased when the oxygen is bonded to hydrogen

(6) The conposition of the initial detonation products is not
greatly affected by the degree of confinenent, but, the conposition of
the final products is affected. The nore oxygen-deficient the
energetic, the nore the degree of confinenent affects the final product
m X.

(7) If an oxygen-deficient energetic is detonated in an oxygen-
enriched environnent, the final products will be CO, N, and HO On the
ot her hand, the products forned by detonating an energetic in an inert
at nosphere (e.g., CO) will be essentially the sane as those forned when
the energetic is detonated in a vacuum regardl ess of the degree the
energetic i s oxygen-bal anced (Table 1-1). The oxygen-rich atnosphere
will also yield a much higher total energy release (Table 1-1), because
of the heat rel eased when the inconpletely oxidized radicals are
oxi di zed by the oxygen

(8) Cenerally, less than 20% of the d and F in the energetics
detonated in the bonb cal ori neter was recovered, but all of the O and F
recovered was in the formof HO and HF. The missing O and F were
assuned to have reacted with the steel walls of the cal ori neter, because
they were not found in the rinse of the calorineter

(9) A and Zr in the energetic were usually not quantitatively
recovered, but the portion recovered was all in the oxide form

(10) The packing density has a profound influence on the ratios of
initial products forned froma detonation. For exanple, free-flow ng
| oose granules do not explode as efficiently as cast expl osives.

(11) As the density of a high explosive is increased, the
detonation pressure and tenperature also increases. On the ot her hand,
when the density of a propellant is increased the detonation pressure
decreases, even though the reaction (deflagration) tenperature
i ncreases.

(12) Atrace inpurity can substantially increase or decrease the
efficiency with which the detonation will occur

(13) The manner in which the charges are placed, the primng
net hod, and the placenent of the initiating charge can influence the
ef fectiveness of the detonation in destroying all of the energetic. The
nost desirabl e circunstance would be to assure that the explosive
detonates ideally. An explosive stack with an irregular shape wll
usual Iy inmpact nmuch nore force in the direction of the |Iongest
di nensi on.

The studi es descri bed above were conducted to i nprove the in-use

perfornmance of energetic materials. The nature of the enissions
and the inpact of these enission products on the health of humans and
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ecosystens when surplus or unserviceable energetic naterials are
destroyed by OB and OD processes were not addressed. These |atter
energetic materials frequently contain degraded or bel ow specification
grade energetics and other materials, such as asphalt, resinous shel
linings, binders, cardboard, wood, netal foil, etc., which could
adversely inpact the efficiency of the detonation and burning processes.

Al so, real world OD processes are usually not truly adiabatic, because
the fireball and plunme encounter a nyriad of heat sinks which
prematurely quench the fireball or cool the plume and therefore can

hi nder the oxidation of the inconpletely oxidized products rel eased by
the detonation. For exanple, even in a truly spherical fireball having
the | owest possible ratio of surface to nass of any geonetrical form
the outernost |ayer of the expanding fireball will be in direct contact
with the anbient air. A so, the expandi ng gases penetrate the earth
under the cloud, where they are both cool ed by conduction and deni ed
access to air for further oxidation until below equilibrium maintaining
tenmperature. Further, for noise control purposes, at nmany facilities the
det onati ons are conducted under a soil cover.

Studi es To Assess The Environnental |y | nportant Em ssions

From OB and OD Activities

In response to public concerns about the ability of OB and OD processes
to convert degraded energetics into i nnocuous products, the Departnent
of Defense (DOD) began its first conprehensive study to characterize the
em ssions from OB and OD activities in 1984. The DOD hoped to
denonstrate that OB and OD woul d yield em ssion products which were
simlar to those fromenergetics when used for their intended purpose.

In this study, helicopters equi pped with comonl y-used air poll utant
sanpl i ng equi pnent neasured the pollutants in the plunes rel eased when
900 to 5000 kg quantities of energetic materials were open burned and
open detonated at DPG UT. The results were inconclusive.® Few of the
target conpounds (anal ytes) were detected, but it wasn't clear if this
was because they weren't present or because they were present at
concentrations which were below the detection linmits of the sanpling
equi pnent. Also, it was subsequently established that the helicopter
frequently sanpled only the outer portion of the plune and that the

pl ume vol une neasurenent techni que was not reliable.

In 1988, the United States Arny initiated a second study which had two
maj or objectives: (1) to determine if toxic or hazardous pollutants were
rel eased when energetic materials were detonated or burned; and (2) to
determine if enmission factors produced by detonating and burni ng snal
guantities of energetic materials in |arge chanbers containi ng anbi ent
air would provide em ssion factors equivalent to those deternined when

| arge quantities of energetic materials were open-detonated and open-
burned in the anmbient air in the unconfined state.

Det onati ng and burning the energetic materials in | arge chanbers

provi ded DOD the opportunity to: (1) characterize ten or nore energetic
materials at a cost conparable to conducting field tests on one
energetic material; (2) collect sufficient sanple to neet the ni ni num
guantification limts of the pollution neasurenent systens; (3) study
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the decay rates of the primary and secondary products rel eased from
detonations and burns; (4) nmininize testing delays due to adverse

weat her conditions; and (5) obtain the m ni mum nunber of detonations and
burns required to calculate statistically valid em ssion factors on each
type of PEP material under repeatable and controlled conditions.

In this second study, 225 g quantities of flaked TNT were detonated and
2 kg quantities of two types of propellants were burned in a 930 n?

hem spherical chanber (BangBox) at Sandi a National Laboratories (SNL) in
Al buquer que, NM and the em ssion products were neasured with state-of-
the-art air sanpling equipnent. This sanpling equi pment was then
installed in a twi n-engine, turboprop aircraft and used to sanple the

pl umres rel eased when 900 kg quantities of four explosives (reclained
TNT, PBXN, Expl osive D and Conposition B) contained in treated wood
boxes were detonated on the ground and 2, 000-3100 kg quantities of four
bul k propellants (ML, Ms, MBO and a conposite propellant) were burned in
steel pans in the open at Dugway Proving Gound (DPG, UT."® Three,
2000- kg TNT detonations were al so conducted with the TNT in iron cages
suspended 10 m above the ground.

Based on their review of the test results, the U S. Arny concl uded that
the enission factors derived fromthe BangBox tests were: (1) nore
reliable and reproducible than those fromthe field tests; (2) were
statistically equivalent to those deternmined fromthe field tests; and
(3) supported the original assunption that the detonations and burns
wer e produci ng em ssion products consistent with detonation theory. For
exanpl e, the CO, and CO eni ssion factors derived fromthe TNT-BangBox
detonations (TNT bl ock suspended 1 m above the floor) were the sane as
those fromthe 2000-kg, suspended, reclainmed-TNT detonation, but both
were substantially higher than those fromthe 2000-kg surface recl ai ned-
TNT detonatio.n® 1In this latter detonation, the expanding gases |ikely
penetrated the earth under the detonating TNT and sone of the energy
rel eased by the detonation was |ost (transferred) to the soil. The
resultant “cooling” of the fireball in conbination with the reduced
access to O prevented the conplete oxidation of the inconpletely-
oxi di zed products which were rel eased by the detonation of the severely
oxygen-deficient TNT nol ecul es.

In their test reports the Arny also noted the sinilarity of the em ssion
products fromthe BangBox and field tests across all the materials
tested, i.e., the em ssion products were primarily: N, (assuned), HO and
CO,; particles and netals; and snmall quantities of CO NO NO, |ow

nol ecul ar wei ght volatile organic conpounds (VOCs)and a few sem vol atile
organi c conpounds (SVQOCs) commonly found in the anbient air. The report
al so noted: (1) that the soil at DPG had a high organic content and that
the soil could have been the prinmary source for the SVOC s associ at ed
with the detonations; and (2) that the % C Recovered as CO, foll owed
detonation theory, i.e., 99% for the 900 kg suspended field detonations
(no detonation energy losses to soil), 97.5%for the 0.2 kg detonation
in the BangBox and 95% for the 900 kg surface field detonations.?

In 1992, the U S. EPA concurred with the Arny's concl usion and agreed to
accept BangBox derived enission factors for energetic materials as
representative of those that would be derived through ground | evel,
open-air tests. The Arny then installed a BangBox at DPG identical to
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the one at SNL and initiated a programto characterize the conpounds
rel eased when a wide variety of bulk and assenbl ed nunitions
representative of those in the denil inventory were destroyed by OB and
oD.

BangBox Study Results Used To Construct Database

Seven studies to characterize the em ssions fromthe detonation and
burni ng of energetic materials have now been conducted in BangBoxes. In
these studies, 16 energetic materials have been burned and 23 have been
det onat ed under conditions representing standard, unconfined OB and OD
di sposal practices. Since the seven studies used sinmilar sanpling and
anal ysi s procedures and had extensive docunentation on what was done, it
was possible to devel op and validate the database of em ssion factors
described in this report.

The dat abase al so includes the results fromtwo special experinents.

One experinent involved burning a surrogate dunnage to deternine the
contribution the burning dunnage makes to the enissions when it is used
to initiate or support burning of an energetic material

The ot her experinent involved using bags of water to suppress the
detonations of two, TNT-based energetic materials, amatol and tritonal
These suppressed detonations were done primarily to assess how
detonating an energetic under a soil cover could change the em ssion
products conpared to detonating the sane wei ght of the energetic

mat erial on the ground. (As nentioned above, buried detonations are
frequently used in the U S. to nmitigate the sound and bl ast waves

rel eased by the detonation.) Amatol and tritonal were selected for this
experinment because they represent two extrenes in the oxygen content of
commonl y used expl osives. \Wen detonated, amatol, an oxygen-bal anced
expl osi ve, contains sufficient oxygen to convert its Cand Hto CO, and
HO whereas tritonal contains only 20% of the oxygen required to convert
all its carbon to CO2 and H,O

These suppressed detonation experinents were al so done to provide sone
robust enission factors for a blast and noi se suppression technol ogy
developed in the U S.° but refined in Europe!®! and South Africa 2. The
t echnol ogy i nvol ves detonating nmunitions in contact with plastic bags
containing water. This technol ogy reduces the blast noise by nore than
90% when conpared to an equival ent unrestricted detonation!®. However,
the water al so quenches the fireball which, based on the anount of sooty
particulate found after the detonation, reduces the overall destruction
ef ficiency of the detonation process.
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Table 1-1. Distribution of Carbon in Enmission Products from Detonating
TNT in Different Atnospheres in Bonb Cal orineter?.

Cal ori neter Atnosphere

Vacuum CO, (1.66 Atm) O (2.46 Atm)
Total Energy Rel eased 1093 1116 3575
(kcal / nol)
% C Recovered as CO 18 17 97
% C Recovered as CO 28 29 5
% C Recovered as(soot) 52 52 Not Det ect ed
Total % Carbon Recovered 98 98 102
a.) Data taken from Tabl e 44 on page 77 of Reference 4.
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Table 1-2. Heats of Reaction (kcal/nol) for Selected

Gas Phase Reacti ons at

1 At nosphere and 298° K

REACTANTS PRODUCTS HEATS OF

REACTI ON
C+%»%0 CO -26
C+ 0 o, -94
CO+ L0 Co, - 68
2 CO Cco + C -41
CH, + %0 CO, + H,0 (gas) -192
H + %0 H,0 (gas) - 58
H, +CO C + H,0 (gas) -31
BN, + %0 NO +22
NO + £ O, NO, -14
3/2 H +% N NH, -11
NH;, + 3/4 O %N, + 3/2 HO (gas) -78
NH;, + 3/2 NO 5/4 N, + 3/2 H0 (gas) -108
4/ 3 NH; + NO, 776 N, + 2 HO (gas) -108
CH + 2 NO, N, + 2 H0 (gas) + CO -208
S+ O SO, -71
SO + 0 SO, -23
H + S H,S -5
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Chapter 2
Met hods and Material s

Conposition of the Energetic Materials Characteri zed

Table 2-1 identifies the materials detonated and burned in the seven
studies. Table 2-1 also presents: the abbreviation used for each
material in the other tables in this paper; the total weight (nmass) of
each energetic material (MEM tested; and the nunber of tinmes (trials)
each material was detonated or burned. MEMincludes the weight of al
suppl enental energetic materials such as blasting caps, donor charge,
snokel ess powder, etc. used in initiating the detonation or burn

Tables 2-2 and 2-3 present the weights of the energetic conponents and
Pb and Al in each material detonated and burned to the extent
information is available. The abbreviations used in these tables
represent the foll owing conpounds: TNT (2,4,6 trinitrotoluene); RDX
(1,3,5-trinitro-1, 3,5-triazacycl ohexane); PETN (pentaeyrthrito
tetranitrate); TETRYL (2,4,6, N-tetranitro-N-nethylaniline); NC
(nitrocellulose); NG (nitroglycerin); NQ (nitroguanidine); HW (1,3,5,7-
tetranitro-1, 3,5, 7-tetraazacycl ooctane); AP (ammoni um perchlorate); and
AN (ammoniumnitrate), KN (potassiumnitrate); zinc powder (Zn) and

al um num powder (Al).

Appendi x A contains detail ed descriptions of the conpositions of each
energetic materi al

Descri ption of the BangBoxes

Each BangBox sits on a concrete pad and is divided into two sections: an
inflatable, 930 n?, 16.5 m di amet er hem spherical test chanber nade from
a flexible polyvinyl-coated polyester fabric and a 5.5 x 2.1 x 2.5 m
building (airlock) with a plywod front and a wood frane covered with
the sane nmaterial as the BangBox. The test chanber is kept inflated by
two high-capacity blowers; six fans spaced 60° apart circulate the air

in the test chanber to produce a honbgeneous pollutant nmix that is
sanpled with instrunents in the chanber and the attached air |ock. The
energetic materials are burned in stainless steel burn pans placed on a
steel pad located in the center of the test chanber and detonated in a 1
nt steel-lined pit after the steel cover is renoved. The test chanber

is purged with air for at least 60 minutes (two air vol une exchanges)
between trials.

When detonations and burns are initiated, a known quantity of SF, is

rel eased in the chanber. The concentration of the SFg i s then nmeasured
over the tine air pollutant sanples are taken and used to establish the
actual volune of the chanber and the dilution of the enission products
whi ch occurred (due to the chanber bl owers) between initiation of the
burn/ detonati on and conpl eti on of sanple collection. This information is
used to calculate the initial concentrations of the conpounds rel eased
by the burn/detonation. (The SF; was collected in 0.85 L Suma

cani sters and anal yzed by a gas chromat ograph equi pped with a flane
photonetric detector (GC/ FPD).

Sanpl i ng and Anal ysis Procedures Used in the DPG BangBox
The follow ng sanpling equi pnent was |located in the test chanber: (1)
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hi gh vol une sanplers (H -Vol) for neasuring particle mass, netals, and
EPA SVW846 Met hod 8270 semivol atil e organic conmpounds (SVOCs); (2) Hi-
Vol - based PM 10 sanpler for neasuring particles and netals in the
respirable range; (3) EPA PS-1 sanplers for neasuring Method 8270 SVOCs
and chl orinated dioxins and furans; (4) EPA Method 26 sanplers for HC
and d ,.

The foll owi ng sanpling equi pnent for gases was |ocated in the airlock
attached to the chanber: (1) continuous emission nonitors (CEMs) for
CO, CO NO NO, O;, and HA; and (2) canisters for nmeasuring volatile
organi ¢ conpounds (VQOCs), CO, and CO

Background sanples were collected in the test chanber at the begi nning
of every test day, analyzed in a nmanner identical to the test sanples,
and the results used to correct the enmi ssion factors for any
contribution background | evels of the target conpounds (anal ytes) nade
to the neasured (uncorrected) em ssion factors.

The sanpling equi pnent used in each study was sel ected based on the
conposition of the materials being tested and the objective(s) of the
study. Table 2-4 identifies the sanpling systens used in each study.

Appendi x B contains a nore detail ed description of the actual sanpling
systens used and Appendi x C delineates the target analytes used in the
seven studies.

Sanpl i ng and Anal ysis Procedures Used in the SNL BangBox

The procedures used at SNL were sinilar to those used at DPG The
differences are: (1) particle mass was determned fromthe PS-1 filter
(2) the extract fromthe PS-1 sanpler was anal yzed by sel ective-ion
SFC/ M5 as well as by the full scan GO M5 procedure used for the DPG
BangBox sanples; (3) the PS-1 sanplers for dioxins and furans contai ned
pol yuret hane foamrather than XAD-2; (4) sanples for netals were
collected on Teflon filters and anal yzed using x-ray fluorescence; (5)
i ndi vi dual VOC conpounds fromthe cani ster anal yses were not reported
except for acetylene and benzene; and (6) two, PS-1 SVOC, two PS-1

di oxi ns/ furans sanples, two netals sanples and five VOC cani ster sanples
were coll ected during each detonation or burn
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Table 2-1. Energetic Materials Burned and Detonat ed

i n the BangBoxes

St udy Item Abbrevi ati on MEM B (D)
(9) Trials Trials

1 TNT (bl ock) TNT- SNL 230 1
TNT (bl ock) TNT- SNL 230
TNT (bl ock) TNT- SNL 230 1
Foam suppressed TNT OD TNT- f oam 225 1
Doubl e- based Propel | ant Dbl - base- SNL 471 1
MK- 6 Propel | ant MK- 6 448 1

2 PBXN- 110 PBXN 1064 1
MK- 23 MK- 23 1030 1
M 43- LOVA M 43 1060 1
Snokel ess Powder Skl es- pwdr 454
Snmokey Sam Snky- sam 273 1

3 TNT (fl ake) TNT- ACC1 230 3
20 mm HEl cartridge 20 mMm 189 3
40 mm HEl cartridge 40 mm 158 3
ML8A1 C aynore m ne Cl aynore 229 3
TA5E7 Adapter Booster T45E7 193 3

4 M 9 Propellant in Bags M 9 2406 3
M1 Propellant in M3 Bag M 1 2273 3

5 TNT (bl ock) TNT- ACC2 230 1
Det onation Train Det. train 178 3
ML87 | npul se Cartridge ARD- 446 215 3
BBU- 36B | mpul se Cartridge BBU- 36 144 3
Gas Cenerator GCU 2A GGEU- 2A. 139 3
MK- 107 | npul se Cartridge MK- 107 208 3
Signal, Red Star, M 158 M 158 239 3
Fuze, Tail Bonb, FMJ 54 FMJ- 54 210 3
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Table 2-1. Conti nued.
St udy Item Abbrevi ati on MEM B (D)
(9) Trials | Trials

5 IR Flare, M 206 M 206 241 3
Fuze, Tail Bonb, FMJ 139 FMJ- 139 172 3
Signal, Red Star, M3A2 M43 A2 260 3

6 MB1A1El Propell ant MB1A1lEl 2276 3

Doubl e- based Propel | ant Dbl - base- DPG 2227 2

Ammoni um Perchl orate AP 2270 2

Al um ni zed AP Propel | ant Al - AP 1183 2
7 Det onati on Cord Det cord 205 3
Tritonal Tritonal 235 3
Tritonal Wth Wax Tritonal - wax 235 3
Anmat ol Anmat ol 235 3
Conposition B Conp B 235 3
Conmposition B Wth Al um HBX 220 3
H,O Suppressed Tritonal Tritonal - H,0 235 3

Manuf act uri ng Waste AP- wast e 1139 3
H,O Suppr essed Amat ol Amat ol - H,O 235 3

Di esel Fuel /Dunnage Dunnage 913 3
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Tabl e 2-2.

Wei ghts (grans) of Energetic Materials in Itens

Det onat ed
ltem TNT RDX TETRYL PETN Al KNG, AN NC NG
TNT 227 2
Tritonal 182 8 46
Tritonal - wax 173 8 43
Anmat ol 114 8 113
Conp B 86 136
HBX 72 111 39
FMJ- 139 28 126 17
FMJ- 54 28 163 18
T45E7 28 177
ARD- 446 54 32 50 53 15
BBU- 36 54 32 45 28 8
MK- 107 54 32 6 87 25
Det train 108 65
Ma3A2 54 32
M 158 54 32 44
M 206 54 32
Cl aynore 229
20 mm 79 100 10
40 mm 145 7 2
Det cord 203
GCU- 2A7 26 15

a Energetic conposition and wei ght classified.
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Table 2-3. Wights (grans) of

Energetic Materials in Itens Burned

Item RDX AP Al Zn KNG, NC NG NQ HWX
Dbl - base- SNL 240 184
M 1 1815
M 9 36 1387 960
Dbl - base- DPG (a) (a)
MB1A1lEl 493 410 1245
PBXN 16 1 924
M 43 775 38 2
Skl es pwdr 435 23
MK- 6 381 1
AP 1946
Al - APP 821 226 4 0.2
MK- 23 800 20 28 2
Srky- sanf 110 100 22 1
AP- wast e 738 140 4
a Actual weights classified
b. Identity and weights of other energetic materials either classified or

not avail abl

e
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Table 2-4. Sampling Systems Used in Each Study®

System Analyte Study 1 Study 2 Study 3 Study 4 Study S Study 6 Study 7
CEM co2 S S ' NA NS S S s
Cco s S NA NS S S S
NO/NO2 S S NA NS S S )
S02 S S NA NS S S S
03 S S NA NS S S S
HC1 s NS s NS NS s s
Bubbler HC1/C12 s NS _ NS NS NS S S
Canister voc S S . S S S S S
€0/C02 s S s s s s s
Hi-Vol Mass NS NA S S S S S
SVOC/GCMS NS NA S S S S : S
SVOC/SFCMS S NA S S S . NA NA
Metals S NA s S S S S
PM-10 Mass NS S S S S S S
Metals NS NS S S S S S
pPsS-1 Mass S NS NS NS NS NS NS
SVOC/GCMS S NA S S S S S
SVOC/SFCMS S NS NS NS NS NS NS
Dioxins/Furans ] NS NS NS S S S
Teflon filter Metals S NS NS NS NS NS NS

a. S = sample taken; NS = no sample taken; NA = sample taken, results not valid or not available.
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Chapter 3
Construction and Validation of the Database

Construction of the Raw Dat abase

A matrix was devel oped to accommpdate all the enission factors that could
exist if every study had used the conplete suite of sanpling systens
available. This matrix was then conpleted using data from each study’'s
docunentation file, e.g., test design plans, final reports, field notes,
calibration data, |aboratory reports, QA and QC reports, etc. Instances
where data were missing were identified and the reason(s) deternined.
Sone of these reasons were: (1) no sanple collected; (2) sanple

coll ected, but no emission factor cal cul ated because the sanple was
determned to be invalid; and (3) only those target conpounds (anal ytes)
actually detected were specifically identified in the final report. In
this latter case, the Experinental Section of that final report |isted
all the target analytes and, if a target analyte was not nentioned in the
Results Section of that report, then the reader was to assune that it was
not detected. This latter situation was comon for the VOC and SVOC
anal yt es.

In addition to the previously reported results, previously unreported
results were converted to em ssion factors and placed in the database,
except when the anal yte had not been detected in any study. There were a
| arge nunber of analytes in the not detected category, e.g., 103 of the
108 Met hod 8270 anal ytes and 65% of the VOCs. Thus, if an analyte is
listed in Appendix C, but is not in the database, the user of the

dat abase can safely assune that it was never detected, or if it was
detected, it was not above the concentration in the associ ated background
sanpl e.

After all quantitative val ues had been put into the database, the matrix
was filled in using the followi ng codes: (1) NS (no sanple collected);

(2) ND (sanple collected, but analyte either not detected or not detected
above background concentration); and (3) NA (sanple was supposed to have
been collected, but either no results were found or result had been

i nvalidated). The emi ssion factors were then exanined to assure that the
total mass of the energetic material (MEM detonated/burned had been used
in calculating each enmission factor. Wen this was not the case, the

em ssion factors were recal cul ated using the correct MEM and the
corrected emi ssion factors were then entered into the database.

The enission factors fromthe seven studi es had been adjusted to
conpensate for the concentrations of the analyte in the background

sanpl e(s) taken the day of the test, hereafter designated as (EFg). The
uncorrected enission factors were not reported. Since it is helpful to
know t he extent to which an enission factor has been adjusted for the
background concentration, the concentration of each analyte neasured in
each background sanple was converted to the equival ent enission factor
for that test (EFg) and entered in the database. 1In Studies 1, 5, 6, and
7 (Table 2-1), the actual volune of gas sanpled was used for this

cal culation. Because the original sanpling volunes were not avail abl e
for the other three studies, the average volune of gas collected by the
sanpling systens used in Studies 5, 6 and 7 was used instead.
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Two additional types of em ssion factors were also cal culated, the

m ni mum quantitation limt (MX) em ssion factors (EF,), which are shown
in Table 3-1, and the “uncorrected (for background)” em ssion factors
(EFy) . Each EFy was cal culated by entering the | aboratory-determ ned ML
for the anal yte (expressed in units of mass/nf) into the pollutant
concentration termof the enission factor equation. Each EF, was
cal cul ated by addi ng the average background-corrected em ssion factor
(EFg) to the associ ated background eni ssion factor (EF).

After these additional types of emission factors were added to the

dat abase, statistical outlier tests were done to identify anonal ous

val ues. The records associated with these val ues were examned to
determine if there was an explanation for thembeing identified as an
anonmal ous value, e.g., transcription error, msspelled word, etc. Val ues
that could not be rejected for scientifically-defendable reasons were
left in the database.

After these outlier tests were conpleted, it was clear that nost of the
uncorrected Method 8270 SVOC emission factors were considerably | ess than
the corresponding ML emi ssion factors. A subsequent investigation
showed that in the actual test report, these SVOC enission factors were
identified as qualitative or tentative in nature; thus, they were not
useful in calculating quantitative emission factors. To address this
situation, it was decided to change the uncorrected em ssion factor (EFy)
and the associ ated background-corrected em ssion factor (EFg) to ND if
the EFg. was | ess than 30% of the associated ML enission factor

Because Hg, As, Ni and Be were never detected above background | evels,
they were not included in the validated database. It was al so apparent
that the PM 10 nass enmission factors for netals were | ess reproducible
and sonetines were larger than the corresponding Hi -Vol values. Mich of
this variation likely occurred because each PM 10 nmass eni ssion factor
represented a single neasurenment whereas each Hi -Vol val ue represented
the average of three neasurenents. Al so, nost of the uncorrected PM 10
mass em ssion factors were at or below the EF,. For the above reasons,
the PM 10 nmass emission factors for netals were not included in the “raw
dat abase”. The PM 10 em ssion factors thensel ves, however, were included,
because there wasn’t an alternative source for these em ssion factors.

At this point, the raw database contai ned approxi mately 100, 000 val ues.
However, 80% of these values were identified as either ND, NS or NA. To
facilitate the validation and statistical analysis of the database using
SAS , all NS and NA val ues were changed to "." and all ND val ues were
changed to "0. OE+00".
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Val i dati on of the Database

Adj ustnent of the Em ssion Factors for Metals fromthe Floor

Bul k expl osi ves which did not contain any netals still yielded em ssion
factors above the ML emission factors for: A, Ba, Cu, Pb, Ti and Zn.
These “emission factors” likely cane fromnetals in or on the concrete

fl oor of the BangBox, since dust fromthe fl oor was comonly found on Hi -
Vol filters collected after detonations. Thus, it was decided to use the
em ssion factors fromthe bul k expl osives to derive the detonation-

rel ated, background emi ssion factors for these six netals rather than use
the pre-test background sanples. These detonation-rel ated, background

em ssion factors were cal cul ated by averaging the enission factors for
the following five bul k explosives : TNT-DPGL; TNT-DP&X; Amatol; Conp B;
and Det. train. These calculations yielded the follow ng background

em ssion factors (g analyte/g MEM: A (7.2E-04); Ba (3.7E-04); Cu
(4.8E-04); Zn (3.8E-04) and Pb (5.9E-04). The averages were then
subtracted fromthe individual and average trial emi ssion factors and the
uncorrected em ssion factors to obtain the corrected enission factors.

Conpari sons Between Sanpling Systens

As part of the validation effort and to renpve redundant data fromthe
dat abase, the follow ng conpari sons were done using the average em ssion
factor for each analyte: (1) CO CO, (CEMvs canister); (2) VOC (GJFID vs
GC/M5); and (3) PS-1/GCMS vs Hi -Vol GCMB vs Hi - Vol / SFCMS. These

conpari sons yielded the follow ng results.

Canister vs CEM for CO and CO: The CEM CO enission factors are
statistically equivalent to the correspondi ng cani ster values at the 95%
confidence | evel (based on a conparison of 53 paired values). In
contrast, the CEM CO, emission factors are on the average 5% hi gher than
the correspondi ng cani ster enission factors (based on a conpari son of 48
pai red values) and the CEM nean difference is statistically different
fromthe canister nean value at the 95% confidence |l evel. Because the
cani sters were al so used to neasure the VOC enissions, it was decided to
i nclude the canister-derived CO and CO, enmission factors in the validated
dat abase and to include the CEMderived values if the canister-derived
val ues were not avail abl e.

GO FIDvs GO M for VOCs: The GC/FID em ssion factors for (o0, mp)-xylene
are statistically equivalent to the corresponding GO M5 val ues, but for
t he seven other VOCs (nmeasured by GO FID and GO/ MS) the em ssion factors
are statistically different at the 95% confidence level. For 1, 3-
but adi ene, the GC/ FI D nean emi ssion factor is 66% of the GC/ M5 val ue
(based on a conparison of 12 paired values), but for the other six VCCs,
the GC/FI D nmean val ues are larger than the GO M5 val ues. The magnitudes
of these nean differences are: benzene (34% | arger, 51 paired val ues);
et hyl benzene (21% | arger, 38 paired values); styrene (102% | arger, 19
pai red val ues); toluene (39% | arger, 38 paired values); and 1, 3, 5-
trimet hyl benzene (130% | arger, 9 paired values). On an absol ute basis,
however, the nean differences are snall, i.e., benzene (0.00002);

et hyl benzene (0.0000006); styrene (0.000002); toluene (0.000004); and
1,3,5-trimethyl benzene (0.000001). Since the GC/ FID enission factors were
| arger than the GO M5 val ues for nost conpounds and GC/ FI D was al so used
for all the other VOC conpounds, it was decided to include the GO FI D
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derived enission factors in the validated database and to include the
GC/ Ms-derived val ues only when the GO FID val ues were not avail abl e
PS-1/ GCMS vs Hi -Vol / GOMS vs Hi -Vol / SFCMS:  The PS-1 sanpling system

yi el ded non-zero em ssion factors for 5 of the 108 Method 8270 (non-
energetic SVOC) target conpounds. These conpounds and the energetic
materials they were associated with are: acenapht hal ene (AP-waste);

fl uorant hene (AP-waste); phenol AP-waste); 2-chlorophenol (AP-waste) and
di et hyl pht hal ate (BBU- 36, FMJ 139, MK-107, GGU and M 9).

(1) Phenol: The PS-1 sanpler detected phenol only in the first of
the two AP-waste burns; it also detected phenol in the background sanpl e
(at a concentration only slightly less than that nmeasured in the burn
sanpl e) taken in the BangBox before this burn. The Hi-Vol/SFCM5 system
al so detected phenol for only the first burn and the enission factor
(3.8E-05) is essentially the sane as that fromthe PS-1 sanpling system
(3.4E-05). The phenol emission factors for the AP-waste burn were
excluded fromthe validated database for three reasons. First, it was a
common conponent of background sanples in the concentration |evels
equivalent to the emission factors calculated fromthe burn. Second, it
was in the background sanple for the surrogate waste burn. Third, pheno
was not found in the sanples fromthe second burn. The Hi -Vol/SFCV5
sanpling systemdid detect phenol in the detonation products fromthe
followi ng four energetic-containing itens: ARD 446 (1.9E-06); MK-107
(8.4E-07); FMJ 54 (4.7E-06); and 40nm (1.5E-06). These emission factors
are very close to the ML enission factor (2.9E-06), and, as noted above,
phenol was a commopn constituent of the anbient air in the BangBox. Al so,
the PS-1 sanpling system detected phenol in the background sanpl es
associated with these four itens at |evels which would have yi el ded
em ssion factors of the sane nmagnitude reported for these four itens.
Therefore, these | atter phenol enission factors were not included in the
val i dat ed dat abase

(2) Acenapht hal ene and Fl uorant hene: The H -Vol GO Ms sanpling
systemyi el ded enission factors for only two of the 108 EPA-8270
conpounds (acenapht hal ene and fl uorant hene) and both conpounds were
associated only with the AP-waste burn. These two conpounds are nornally
rel eased when di esel fuel and wood, two of the materials in the AP-waste
mat erial, are burned. These two conpounds were al so found by the
correspondi ng PS-1 sanpler. For acenaphthal ene the average PS-1 eni ssion
factor was 1. 0E-04 and the corresponding Hi -vol emnission factor was 1. 6E-
04. Simlarly, for fluoranthene the PS-1 enission factor was 2. 0E-04 and
the Hi-Vol value was 1.0E-04. Since it is highly likely that these are
valid em ssion factors, the PS-1 derived enission factors were included
in the validated database

(3) 2-Chlorophenol: This conpound was detected only by the PS-1
sanpl er during the two AP propellant burns conducted July 31, 1995. Both
trials yielded the sane em ssion factor (1.0E-05), a val ue approximtely
30% of the MQL. Since 2-chl orophenol was not found in the associated
background sanples and it was not a commobn background contam nant, the 2-
chl or ophenol enission factors were included in the validated database.

(4) Diethylphthalate: Non-zero em ssion factors for
di et hyl phthal ate cane only fromthe PS-1 sanpler. They were associ ated

24



with the four itens which were detonated (BBU 36, MK-107, FMJ 139 and GGU-
2A) and one itemwhich was burned (M9). For the follow ng reasons the
em ssion factors associated with the four itens detonated (BBU 36, MK-
107; FMJ 139, and GEUJ2A) were included in the validated database.
First, diethyl phthalate was not detected in the background sanpl es
associated with these energetic materials. Second, the MJL em ssion
factor (2.1E-04) associated with the four materials is |l ess than the
average em ssion factors reported for these materials. Third, it was
found in alnost all sanpl es.

The enission factor fromthe single M9 propellant burn was excl uded from
t he validated database for the followi ng reasons. First, the MQL for

di ethyl phthal ate is higher than the emission factor fromthe M9
propel l ant burn. Second, although diethyl phthalate was not found in the
background sanpl e associated with this burn, it was frequently found in
background sanples at levels tenfold greater than the M9 enission

factor.

Mass Bal ance Assessnents for C N, S, d, A and Pb

Car bon Mass Bal ance

The carbon nass bal ance was conducted by cal culating the total nass
(weight) of carbon in the material (MEM detonated or burned and
conparing it to the nass of carbon found using the sum of the average
em ssion factors for CO, and CO (expressed as their carbon equival ent
val ues). Sufficient conposition data was available to conduct the nass
bal ance cal cul ation for 23 of the materials detonated and burned. Only
the detonation cord gave a % Conversion (210% which differed by nore
than 18% fromthe val ue of 100%that was expected if all the carbon had

been converted to CO and CO,. The extremely high % Conversion val ue for
the det. cord was unexpected because each of the three trials involved
detonating 203 g of PETN with an electric blasting cap and because the
em ssion factors for the three trials agreed so closely. A subsequent
review of the raw data al so showed that this material had an usually

| arge difference between the CEM and cani ster val ues for both CO and CO
It al so showed that PETN was not detected in the em ssion fromany of the
three detonations. This was particularly unusual, because, when nuch

| oner quantities of PETN had been detonated (as part of donor charges),
neasur abl e quantities of PETN had been detected. For the above reasons
all enmission factors for the det. cord were excluded fromthe validated
dat abase.

Ni t rogen Mass Bal ance

Al though N was not neasured directly in the BangBox studies, there is
solid scientific evidence fromdetonati on and burn experinments on

expl osives where the N, eni ssions were nmeasured directly. 45114 The
experinments described in references 13 and 14 are particularly rel evant
here because they involved detonating MLO7, 155 mmartillery rounds (965
- 2260 kg) and burning NI KE rocket motors in a 4,100 n? chanber. Mbre
than 99.8% of the Nin the Conp B in the MLO7 rounds and 99. 7% of the N
in the NIKE' s doubl e base propellant were converted to N,. These | ow %N
Conversion are particularly striking when conpared to those for other
CHNO- based materials. For exanple, the percentages of N (in the fuel)
converted to NOx in utility boilers firing residual fuel oil, distillate

25



oil and coal are: 50-60% 60-80% and 20-25% respectivel y>18,

The N mass bal ance cal cul ati ons used the NO and NO, emi ssion factors
(expressed as N) to deternm ne how much of the Nin the energetic materi al
was converted to nitrogen oxides. Sufficient chenical conposition data
was avail abl e to conduct the assessnent on 25 of the materials detonated
and burned. The AP-waste burn, which had a % Conversion of N to nitrogen
oxi des of 17% was the only material with a % Conversi on of N val ue

greater than 6% Since all the % Conversion of N val ues are reasonabl e
based on the work of Cook® and Ornellas® all the NO and NO, em ssion
factors were included in the validated database.

Chl ori ne Mass Bal ance

Percent recoveries for C could be calculated for five energetic
materials. These materials and the associ ated % recoveries are: AP
(85%, Al -AP (102%, MK-23 (99%, MK-6 (37% and AP-waste (60% . Since
t hese % Recoveries are reasonabl e based on the work of Ornellas® all HJ
and O, enission factors were included in the validated database.

Sul fur Mass Bal ance

Four of the materials detonated contai ned known quantities of S. These
materials and their associated % Conversion to SO, are: MI1AlEl (28%, HBX
(5%, MA3A2 (5%, and ML58(1% . Because no literature references on
recovery of S fromdetonations was found, the SO, enission factors were

i ncluded in the validated database.

Lead Mass Bal ance

The two materials known to contain Pb (Dbl-SNL and Dbl -DPG vyielded %
Recoveries of 37% ((Dbl-DPG and 128% (Dbl -SNL). The reason for the | ow
% Recovery for Dbl -DPG burn is not known. (Pb was found in the residue
fromthis latter burn, but, the quantity in the residue was not
reported.) Because Pb is one of the nost |ikely toxic conpounds
potentially released from OB and OD activities, the Pb em ssion factors
were included in the validated database.

Al um num Mass Bal ance

The six materials known to contain neasurable quantities of A vyielded a
wi de range of % Recoveries. These materials and the associated %
Recoveries are: tritonal (6%, tritonal-wax (9%, HBX (5%, A -AP (7%
AP-waste (29% and MK-6 (60%. Although Al was found in the residue from
the three burns and observed on the floor of the BangBox for the three
det onati ons, the actual anount was never determ ned. Because Ornell as*

al so reported | ow recoveries for A, all the Al enission factors were
included in the validated database.

Energetic Material Mass Bal ance

The dat abase contai ned non-zero emssion factors for only four of the
original energetic conmpounds: NG HWMX, RDX and PETN; all were associ ated
with detonations. The other target energetics (including TETRYL and TNT)
were never detected. However, it should be noted that sanpling results
for energetics were only available for the energetic naterials detonated
and burned in Studies 1,3,4 and 5. Air sanples for energetics were al so
taken in Studies 6 and 7, but the sanples were not anal yzed because the
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SFC/ M5 unit was broken and it was not repaired until six nonths after the
sanpl es had been extracted. (The anal ytical nmethod specified that the
extract nust be analyzed within 60 days after extraction). Thus, it is
possi bl e that additional energetic enission factors would have resulted
had these | atter sanpl es been anal yzed.

NG was associated only with detonations of energetic materials which did
not contain NG and it was found in the background sanples associated with
t hese detonations. Therefore, the NG em ssion factors were not incl uded
in the validated database

The PETN and RDX em ssion factors were included in the validated

dat abase, because they were associated only with detonations in which
mat erials contai ning these energetics were used to initiate the

det onat i on.

The emi ssion factors for HW were included in the validated database
because: (1) the HWMX was consistently detected only when RDX was al so
detected in the emi ssion products; (2) nmilitary grades of RDX contain
between 4 to 15% HMX by weight; and (3) with one exception, the HW

em ssion factors were 3 to 24% of the correspondi ng RDX em ssion factor

Val i dation of Chlorinated D oxins and Furans Results

The validation of the dioxin and furan data was difficult because of the
excellent Mg, (E-10 to E-11) and the ubiquitous nature of these
conpounds in all environnmental nedia'. Dioxin and furan sanples were
collected during four burns (AP propellant, alumnized AP propellant, AP-
wast e and di esel fuel and dunnage) and after the detonations of the M
158, MA3A2 and M 206 fl ares.

Furans were detected only in the enmissions fromthe AP waste burn. The
five isonmers (octochlorinated di benzo-p-furan (OCDF), 1234678 HpCDF
1234789 HpCDF, 123478 HxCDF and 123678 HxCDF) were detected at |evels
100 to 1,000 tines larger than the ML enission factor (2.6E-11) and
therefore, were included in the validated database. No total furan val ues
(e.g., total HxCDF) were reported.

Cctochl ori nat ed di benzo-p-di oxin (OCDD) was detected in the em ssions
fromthe detonation of the MA3A2 flare and the burning of the diesel fue
and dunnage surrogate. The OCDD emission factor for the MA3A2 was
included in the validated database, because: (1) it was not found in the
background sanple; and (2) was found at levels 4 to 10 tinmes larger than
the EFyg (2.1E-10) for the three trials (detonations).

The OCDD enission factor for the dunnage burn was not included because:
(1) it was found for only one of the three trials; (2) the background
em ssion factor accounted for 70% of the corrected eni ssion factor; and
(3) the uncorrected eni ssion factor was only 30% | arger than the ML

em ssion factor (2.1E-10). A total HpCDD enission factor was al so
reported for the MA3A2 detonation. It was included in the validated

dat abase, because it was found in each of the three trials (detonations)
at levels which were 1.3, 2.5 and 5 tines the EFyg (2.1E-10). No ot her
di oxins were reported for any of the itens tested.
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Table 3-1. Representative ML Emi ssion Factors

(kg. anal yte/ kg MEM

Anal yte ML for ML for
Det onat i ons Bur ns

HC 9. 2E- 05 1. 2E-05
a, 4. 6E- 05 6. OE- 06
4. 3E- 07 5. 5E-08

CO 4. 3E- 07 5. 5E- 08
NO 3. 1E- 05 3. 9E- 06
NO, 4. 7E- 05 6. OE- 06
SO, 2. 2E- 05 2. 8E- 06
SVQCs 2. 0E-04 2. 6E-05
Di oxi ns & Furans 2.0E-10 2.6E-11
RDX, PETN & HWX 2.9E- 07 3. 7E-08
VQCs 4. 3E- 07 5. 5E- 08
Al 2. 7E-04 3. 5E-05
Sb & Ba 6. 7E- 04 8. 6E- 05
Cd 3. 9E- 05 4. 9E- 06
Cu 8. 7E- 05 1.1E-05
Pb 3. 6E-04 4. 6E- 05
Ti 1. 1E-05 1. 4E- 06
Zn 9. OE- 04 1. 2E-05
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Chapter 4
Overvi ew of the Validated Dat abase

Appendi ces D and E contain printouts of the BangBox-derived eni ssion
factor databases for burns and detonations, respectively. These

em ssion factors apply to the disposal of energetic materials through OB
in a pan and through unconfined, surface detonations (OD) with the

foll owi ng exceptions: dunnage burn; AP-nmanufacturing waste burn; gas
generator detonation; and water-suppressed tritonal and anatol
detonations. The reasons these latter materials were designated as
exceptions is discussed bel ow

The val i dat ed dat abase contains emission factors for 83 analytes: 7

i norgani ¢ gases; total nonmethane hydrocarbons (TNVHC); total

uni dentified hydrocarbons; 22 unsaturated hydrocarbons (including a
total unsaturated hydrocarbons); 16 saturated hydrocarbons (including
total unsaturated hydrocarbons); 10 aromatics (including total
aromatics); 8 chlorinated hydrocarbons; 8 nmetals; 5 chlorinated furans;
1 chlorinated dioxin; 4 non-energetics SVOCs; and 3 energetic SVCCs.
Most of the anal ytes are nonhazardous conpounds conmonly found in
anbient air. If an analyte is listed in Appendix C, but is not in the
dat abase, the user of the database can safely assune that it was never
detected, or if it was detected, it was not above the concentration in
t he associ at ed background sanpl e.

The many simlarities between the em ssion products from detonations and
burns reported earlier”® are also present in the expanded database. For
exanpl e, ethane, propane and isobutane were associated with al nbst every
energetic material tested and their emi ssion factors were usually nuch
greater than those for the other saturated hydrocarbons. Al so, alnost
every energetic nmaterial tested rel eased ethyl ene, propene and acetyl ene
and these three conpounds represented a very substantial part of the

em ssion factor for total unsaturated conpounds.
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Chapter 5
Di scussi on of Results from Unsuppressed Detonations

The materials detonated in the BangBoxes w thout water suppression, were
pl aced into two categories: BangBox bul k expl osi ves and BangBox
assenbl ed (encapsul at ed) expl osives, e.g., fuzes, flares and i npul se
cartridges. A third category (DPG field bul k expl osives) was al so
created using the em ssion factors fromthe 900-kg surface detonations
(TNT- Phase A, TNT-Phase B, TNT-Phase C, Conp B, Explosive D and PBXN)
and t he 900-kg suspended detonations conducted at DPG in 1989 and 1990. 8
The nean enission factors and associ ated standard deviati ons were then
calculated for the followi ng anal ytes within each category (if the data
were available): total saturated hydrocarbons; ethylene, propene,

acetyl ene, and (total of) other unsaturated hydrocarbons; benzene,
toluene and (total of)other aromatics; and PM 10 (Table 5.1). The nean
%C and 9N converted to the correspondi ng oxi des (COx, NOx) and the
rati os %0 CO, and YNO' NO, and the associ ated standard devi ati ons were

al so calculated (Table 5. 2).

These anal ytes were sel ected because they are found in the em ssions
fromnost of the materials detonated. Enission factors for individua
sat urat ed hydrocarbon conpounds, such as ethane, propane and but ane,
were excluded for two reasons. First, these conpounds are
environnental | y benign. Second, the background concentrations of these
sat urat ed hydrocarbons averaged approxi nately 50 percent of the
concentrations found in the sanples collected after the detonations
(conpared to average val ues of 10% and 30% for the unsaturated

hydr ocarbons and aromati c hydrocarbons, respectively.

The nmeans were then subjected to a Student’s t-test to deternine if the
neans for the sane ratio or analyte were statistically the sane across
at least two of the three categories. These t-tests deternmined that the
neans were statistically equivalent across all three categories for %C
Converted to COx; %0 COx and PM 10 mass and therefore the individua

val ues could be conbined to create |larger data sets (Table 5.3).

No ot her nmeans were equival ent. However, because the absol ute

di fferences between the nean val ues for the %\ Converted to NOx were
smal | across the three categories, the individual values were ranked
fromhighest to | owest to see if they were sufficiently interm xed
across the three data sets to justify conbining theminto one | arge data
set. For this exercise, the BangBox bul k detonations, the DPG field
detonati ons, and the BangBox encapsul ated detonati ons were desi gnated by
the nunbers 1, 2 and 3, respectively.

Thi s ranki ng exercise, which is shown bel ow, denpnstrated that for al
practical purposes, there is sufficient overlap of values across the
three categories to rationalize conbining them (Table 5.3).

9N as NOx: 3, 1, 3, 3, 3, 1, 1, 3, 1, 3, 3, 3,1, 2, 1, 1, 2, 2, 1, 2, 2, 2, 2, 2
As shown below, a similar ranking exercise perfornmed on the %NO NOx

ratios also yielded results which justified conbining the three data
sets into one large data set (Table 5.3).
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ONO NOXx: 1, 1, 1, 1, 1, 3, 1, 3, 3, 3, 3, 3, 2, 2, 3, 3, 2, 2,2, 2,1, 2, 2, 3, 3.

Users of the database who are estimating the em ssions froma variety of
energetic materials should consider using the data in Table 5.3 rather
than the average CO, CO NO and NO, emission factors in the validated
dat abase. Users shoul d al so assune that BangBox-derived PM 10 nass

em ssion factors will likely underestimate the PM 10 eni ssions from
detonations, since they do not include the soil particles that are
entrained in the plune by the surface detonations.

On the other hand, the differences between the neans for the organic
anal ytes were too large to rationalize conbining theminto |arger data
sets. The neans in Table 5.1 are nornalized to the mass of the
energetic material (MEM detonated, but for sone applications, having
the em ssion factors normalized to the carbon content of the materi al
detonated mi ght be nore appropriate. Users who need the organic anal ytes
normal i zed to the carbon content of the material detonated will find
this information in Table 5. 4.

Q her VOC Conpounds

O her than benzene and tol uene, styrene, a conmon air pollutant, was the
only other aromatic found at high levels. It was found after the
detonation of the Claynore mines (average enission factor of 1.7E-03)
and the T-45E7 adapter boosters (average em ssion factor of 1.2E-04).
These enission factors are likely valid, because both materials
cont ai ned pol ystyrene (the casing of the Claynore nmine contained 1509
and the T45E7 contai ned a 31g pol ystyrene plug).

Sul fur and Al um num

The | ow and variabl e recoveries for S and Al should be investigated
further. It is possible that the S was converted to conpounds, such as
SO, H,SO,, H,S, netallic sulfates or even free S(Sg); none of which were
target analytes. The |ow recovery of Al may be conpletely, or at |east
partly, explained by the silvery-gray residue observed on the floor
after each detonation of an Al-containing material. Unfortunately, the
identity and nmass of this residue was never determ ned. However,

O nel l as* al so reported | ow recoveries of Al for sonme materials. Unti
the reasons for the | ow recoveries are determned, it would be prudent
to assune that all the Al (and any other netal in the explosive
detonated) is released to the environnent.

Met hod 8270 Conpounds ( SVQCs)

Di et hyl pht hal ate was the only Method 8270 conpound found in the
detonation sanples and it was associated with itens which were either
known to contain phthalates or were likely to contain them Consistent
with detonation theory, no SVOC s attributable to nol ecul ar
rearrangenent reactions of the energetic nolecule were found.

D oxi ns and Furans
Furans were not detected, despite the extrenely sensitive sanpling and
anal ysi s nethod enpl oyed (ML enission factor of 2.0E-10). One di oxin,

OCDD (octochl ori nated di benzo-p-di oxin) was found (average eni ssion
factor of 1.8E-09) in the sanples fromthe detonation of the MA3A2 flare
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and likely resulted fromthe reaction of the chloride-containing
conmpound(s) and the plastic materials in the flare.

Resi dual Energetics

The presence of HMX, RDX and PETN in sone of the air sanples coll ected
after detonations is expected, because detonations are usually not

100. 0% efficient. However, it nust be noted that for nost of these
detonations, the ratio of the donor charge nass to the total mass (MEM
detonated was two to four tines greater than that used in a routine OD
activities. The emi ssion factors in the validated database are
cal cul ated based on the total MEM detonated, rather than the actual mass
of PETN and RDX used. Table 5.5 conpares these origi nal emni ssion
factors to those which result when the actual nmass of PETN and RDX
detonated is used to calculate the em ssion factors.

As noted in Chapter 3, HW is an accepted contaminant in RDX; mlitary-
grade RDX contains between 4 to 15% HWX by weight. |f the percentage of
HMX in the RDX being used is known, one shoul d consider using an

em ssion factor for HW derived by multiplying the RDX enission factor
by the percentage of HMW in the RDX rather than using the values in the
dat abase.
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Table 5.1 Mean Enission Factors (kg Anal yte/ kg MEM for Sel ected
Anal ytes for Detonations
Anal yte Cat egory MEM No. O Mean Std. Dev.
(kg) Val ues
PM 10 BB, Encapsul at ed 0.2 12 0.30 0. 26
BB, Bul k 0.2 8 0. 13 0.13
Total Saturated HC BB, Encapsul at ed 0.2 11 55E- 06 59E- 06
BB, Bul k 0.2 7 11E- 06 11E- 06
Et hyl ene BB, Encapsul at ed 0.2 11 256E- 06 132E- 06
BB, Bul k 0.2 8 69E- 06 130E- 06
Propene BB, Encapsul at ed 0.2 11 50E- 06 40E- 06
BB, Bul k 0.2 8 14E- 06 24E- 06
Acetyl ene BB, Encapsul at ed 0.2 11 300E- 06 171E- 06
BB, Bul k 0.2 8 56E- 06 70E- 06
O her Unsaturated BB, Encapsul at ed 0.2 11 61E- 06 NM
HC
BB, Bul k 0.2 8 11E- 06 NM
Benzene BB, Encapsul at ed 0.2 11 69E- 06 41E- 06
BB, Bul k 0.2 8 9E- 06 9E- 06
Field, Bulk 900 6 69E- 06 37E- 06
Tol uene BB, Encapsul at ed 0.2 11 26E- 06 12E- 06
BB, Bul k 0.2 8 4E- 06 2E- 06
QG her Aromatics BB, Encapsul at ed 0.2 11 42E- 06 NM
BB, Bul k 0.2 8 10E- 06 NM
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Table 5.2 % Recoveries of C and N as the Oxides for

Det onati ons

Par aret er Cat egory MEM No. O Mean Std. Dev.
(kg) Val ues

UC as COx BB, Encapsul at ed 0.2 5 100% 10%
BB, Bul k 0.2 9 102% 10%
Field, Bulk 900 8 96% 2%

%O COx BB, Encapsul at ed 0.2 13 6. 6% 16%
BB, Bul k 0.2 9 0. 6% 4%
Field, Bulk 900 8 3.4% 2.0%

N as NOx BB, Encapsul at ed 0.2 8 2. 9% 2. 0%
BB, Bul k 0.2 8 1.9% 1.4%
Field, Bulk 900 8 0. 6% 0.3%

oNO' NOx BB, Encapsul at ed 0.2 9 69% 20%
BB, Bul k 0.2 8 92% 18%
Field, Bulk 900 8 55% 8.1%

Tabl e 5.3 Enission Factor Averages Across

Categories for

Det onati ons

Par anet er No. O Val ues Medi an Mean Std. Dev.
%C as COx 22 98. 55 99. 6% 8. 40%
%A COx 30 1. 60% 3.96% 11. 1%
9N as NOx 24 1.20% 1. 78% 1.57%
UYNO /  NOX 25 66. 0% 71. 0% 22.3%
PM 10 20 0.21 0. 230 0. 180
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Table 5.4 Mean Emi ssion Factors (kg Analyte/kg Cin Energetic)
for Selected Anal ytes for Detonations
Anal yte Cat egory No. O Mean
Val ues

Total Saturated HC BB, Encapsul at ed 5 117E-06
BB, Bul k 8 14E- 06

Et hyl ene BB, Encapsul at ed 5 1302E- 06
BB, Bul k 8 239E- 06

Propene BB, Encapsul at ed 5 209E- 06
BB, Bul k 8 47E- 06

Acetyl ene BB, Encapsul at ed 5 1267E- 06
BB, Bul k 8 187E- 06

O her Unsaturated HC BB, Encapsul at ed 5 6700E- 06
BB, Bul k 8 38E- 06

Benzene BB, Encapsul at ed 5 231E- 06
BB, Bul k 8 32E- 06
Field, Bulk 6 244E- 06

Tol uene BB, Encapsul at ed 5 95E- 06
BB, Bul k 8 12E- 06

QG her Aromatics BB, Encapsul at ed 5 137E- 06
BB, Bul k 8 33E- 06
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Table 5.5 Original

and Adjusted Enission Factors for

PETN and RDX

PETN Em ssi on Factors

RDX Em ssion Factors

Origi nal Adj ust ed O gi nal Adj ust ed
FMJ- 139 1. 7E-05 1. 7E- 04 3. 4E- 04 2.1E-03
FMJ- 54 9. 6E- 06 1.1E-04 9. OE- 05 6. 4E- 04
T45E7 PETN Not Used PETN Not Used 2. 4E- 04 1. 6E- 03
ARD- 446 0 0 8. 4E- 04 3. 3E-03
BBU- 36 5. 8E- 04 2. 6E-03 0 0
MK- 107 5. 1E- 05 3. 4E-03 0 0
Det. Train 5. 6E- 04 1. 5E-03 7.4E-03 1. 2E-02
M43 A2 1. 2E-05 1. 5E-03 1. 9E- 04 9. 1E- 04
M 158 8. 4E- 06 6. 2E- 05 5. 5E- 05 2. 4E- 04
M 206 1. 6E- 06 1. OE- 05 6. OE- 05 2.5E-04
GGU 2A 4. 9E- 05 4. 5E- 04 1. 4E- 04 7.4E- 04
Cl aynore PETN Not Used PETN Not Used 9. 9E- 06 1. OE- 05
20- mm PETN Not Used PETN Not Used 1. 2E-05 2. 7E- 05
40- mm PETN Not Used PETN Not Used 3. 7E- 05 4. 0E- 05
Nunber of Val ues 10 10 14 14
Medi an 1. 45E- 05 2. 55E-04 1. 7E- 04 7.4E- 04
Mean 1. 28E- 04 6. 74E- 04 6. 84E- 04 1. 61E-03
St andard dev. 2.33E-04 8. 87E- 04 1. 94E- 03 3. 14E- 03
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Chapter 6
Resul ts for \Wter-Suppressed Detonations

Tables 6.1 and 6.2 conpare the enission factors derived fromthe water-
suppr essed detonations of amatol and tritonal to those derived fromthe
unsuppressed detonations of these materials. The suppressed detonations
were done prinmarily to assess in a robust nanner the inpact that
detonati ng oxygen bal anced (amatol) and severely oxygen-deficient
(tritonal) explosives under a soil or water-blanket cover night have on
the enissions. Amatol, an oxygen bal anced expl osive conprised of a

m xture of TNT and AN, contains sufficient oxygen to convert its C and H
to CO, and H,O, whereas tritonal contains only 20% of the oxygen

requi red. The water quenched the fireball (afterburn) required by the
tritonal to convert its C, Nand Hto COx, NOx, and HO

These experinents were al so done to provide sonme robust enission factors
for a blast and noi se suppression technol ogy devel oped in the U S.° but
refined in Europe!®?® and South Africa'®>. This technol ogy invol ves
detonating nmunitions in contact with plastic bags containing water

This technol ogy reduces the blast noise by nore than 90% when conpar ed
to an equival ent unrestricted detonation!. However, the water also
guenches the fireball which, based on the anpbunt of sooty particul ate
found after the detonation, reduces the overall destruction efficiency
of the detonation process.

The data in Tables 6.1 and 6.2 are consistent with the results from
Onellas. %% That is, quenching the afterburn significantly increases
t he enissions of inconpletely-oxidized species such as soot and the
hydr ocar bons, and sharply decreases the enmissions of CO,. The results
also are in general agreenent with detonation theory.*4% For exanpl e,
the increase in hydrocarbons is |imted to nolecules which are smaller
than the starting energetic nolecules (Table 6.2), i.e., rearrangenent
into larger nol ecules did not occur

The decrease in the CO, and increase in the CO and hydrocarbon em ssions
for the water-suppressed detonation of amatol (an oxygen-bal anced
energetic) may seemsurprising, but confornms to detonation theory. That
is, the oxygen balance in amatol is achieved by mxing a strong oxidi zer
(AN) with the oxygen-deficient TNT. Thus, for the optinum energy rel ease
fromamatol, the oxi dant and reductant radicals formed behind the shock
wave rust di ffuse between two nolecules in order to react with each
other. In contrast, when the redox reaction occurs within the sane

nol ecul e, the affect of fireball-suppression on the em ssions is |ess
severe.

The results show that placing an oxygen source in contact with the

expl osive nolecule will not ensure an efficient detonation when it is
conducted under a soil or water blanket cover. Unfortunately, there is
no infornmation on the TNT em ssions which nmight have resulted fromthe
wat er suppressed detonations, because the air sanples collected for the
energetic anal ytes were not anal yzed (SFC/ M5 unit was broken).
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Table 6.1. Comparison of Emission Factors
Tritonal and Amatol.

for Unsuppressed and Water-Suppressed Detonations of

Analyte Tritonal-H,0 Tritonal (T-H,0) / (T) Amatol-H,0 Amatol (A-H;0) / (A)
(T-H,0) (T) (A-H,0) (a)
Co, 0.28 1.2 0.23 0.3 0.7 0.43
co 2700E-04 29E-04 93 2.3E-04 97E-04 0.24
NO 40E-04 59E-04 0.68 77E-04 1B0E-04 0.43
NO, 2.7E-04 0.3E-04 9 2.4E-04 1.2E-04 2
Ethane 120E-06 0.4E-06 300 1100E-06 4_.1E-06 268
Propane 55E-06 0.7E-06 78 190E-06 0.1E-06 1900
Butane 15E-06 0.3E-06 50 S52E-06 0.6E-06 87
Other Saturated HC 30E-06 8E-06 4 158E-06 135E-06 1
Ethylene 1100E-06 25E-06 44 980E-06 31E-06 32
Propene 160E-06 SE-06 32 360E-06 5.5E-06 65
Acetylene 4400E-06 43E-06 102 140E-06 1.0E-06 140
Other Unsaturated HC 240E-06 87E-06 6 20E-06 103E-06 s
Benzene 200E-06 1.5E-06 133 270E-06 23E-06 12
Toluene 73E-06 1.8E-06 40 120E-06 6.7E-06 18
Other Aromatics 87E-06 11E-06 8 0.0E+00 13E-06 NM
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Table 6.2. Distribution of C and N Across Selected Analyte Classes for Tritonal and Amatol
Detonations

Analyte Class Tritonal-H,0 Tritonal Amatol-H,0 Amatol

%C as COx 65% 106% 98% 104%
$CO/COx 49% 0.2% 0.07% 1.3%
$N as NOx 2.7% 0.95 2.2% 5.0%
$NO/NOx 94% _ 99% 97% 99%
% (E+P+B) /Total Saturated HC2 . 86% 14% 100% 30%
% (E+P+A) /Total Unsaturated HCP 96% 46% 99% 27%
% (B+T) /Total Aromatics® 76% 24% 100% 55%
a. (Ethane + propane + butane) emission factors/total saturated HC emission factor.
b. (Ethylene + propene + acetylene) emission factors/total unsaturated HC emission factor.

c. (Benzene + toluene)/total aromatic HC emission factor.
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Chapter 7
Di scussi on of Results from Burns

AP-\WAste Burn Results

This surrogate waste was supposed to sinmulate the m x of AP-contam nated
pl astic gloves, cotton rags, Kimi pes, wood towel rods and sinilar
materials that result fromthe clean-up of the vessels used to
manuf act ure AP-based propellants. These materials are usually di sposed
of by open burning in pans or by incineration. The original plan was to
bring an actual AP-based nmanufacturing waste to DPG for the experinent,
however, this was prohibited because DPG did not have a pernit for
destroying this type of waste. In hindsight, the surrogate waste burned
was not truly representative of a real manufacturing waste. The

chem cal conposition was appropriate, i.e., 65% alum ni zed AP (69% AP,
19% al umi num, 20% plastic material (polyethylene gloves), 11%
paper/wood/ cl oth and 4% di esel fuel; the problemlies with the manner in
whi ch the propellant was placed in contact with the conbustible
materials. That is, 1-in. cubes randonmly dispersed on top of the
conbustible materials. In an actual waste, the propellant would be

di spersed on the conbustible materials as a fine powder.

Al so, because the first burn resulted in a hole in the bottom of the
pan, the second and third burns were done with the surrogate waste
sitting on top of a 7.6 cmlayer of pea gravel. At the conpletion of
each of these |last two burns, holes were found in the side of the burn
pan, and nelted plastic was found in the pea gravel. Approximtely 110g
of ash remained in the burn pan after the first burn, 40g of ash after
the second burn and 65g of ash after the third burn. It was difficult
to determne the weight of ash renmi ni ng when the pea gravel was used.
The wei ght of waste surrogate burned in the three trials was 1, 139q,

i ncluding the 4g of Hercul es Uni que Snokel ess Powder used to initiate
each burn.

The unique m x of em ssion products, the nelted plastic and the 17%
conversion of Nto NOx observed for the surrogate AP-nmanufacturing waste
denonstrates that this burn was very different fromall other burns

whi ch invol ved energetic materials. Mdst of the enission factors for
chlorinated VOC s, those for the five furans, and two of those for the
SVCCs are associated only with this material. There were al so notable
guantities of diesel-fuel-related VOCs in the em ssions.

These results are consistent with a conbination deflagration (AP) and
incineration type burn (nelting of polyvinyl gloves and charring of the
wood dowel sticks by the heat released fromthe deflagration). This

envi ronnent woul d have provided the conditions which favor the fornation
of SVOCs and di oxins and furans. These conditions are!: |ow tenperature
(250-400°C), long residence tine (seconds), presence of O and organic
materials and a netal that could serve as a catalyst. Additional work
shoul d be done on this type of material

Dunnage Burn Results

The dunnage burn is unique in that it did not involve any energetic-
containing materials. Not surprising, alnost all of the em ssion factors
in the database for C, and hi gher saturated hydrocarbons are associ at ed
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with the diesel fuel used in this burn and the AP-waste burn. These
em ssion factors could be useful for predicting the VOC em ssions from
di esel fuel-initiated or supported burns of energetic-containing
mat eri al s.

Snokey Sam Burn Results

The snokey samis an HC-type obscurant (Chenical Agent, Goup B d ass).
Its energetic conposition is: 110.0g AP, 100.2g Zn, 30g hydroxyl -

ternm nat ed pol ybut adi ene and 7.5g dioctyl adipate. It was the only
encapsul ated propelling material burned in the BangBox. In use, its
purpose is to provide a screening snoke of ZnC , particles. The burn
was very dirty; the BangBox airlock was filled with a pungent, noxious
odor and the BangBox test chanber was filled with a dense fog. In
conpari son to the other AP-based propellant burns, its CO em ssions were
very high (17% relative to its CO, enmissions. Although the emni ssion
factors are included in the database, this itemis sufficiently unique
to justify not using it to calculate summary statistics for bulk
propel | ants.

Di scussion of Results for O her Energetic Materials

The other materials burned in the BangBoxes were placed into two

cat egori es: BangBox organi c-based propellants and BangBox AP-based
propellants. A third category (DPG field organi c-based propell ants) was
al so created using the enmission factors fromthe 2000-3100 kg propel | ant
burns conducted at DPG in 1989 and 1990.% The mean em ssion factors and
associ ated standard deviations were then calculated for the follow ng
anal ytes within each category (if the data were available): total

sat urat ed hydrocarbons; ethyl ene; propene; acetylene; (total of) other
unsat ur at ed hydrocar bons; benzene; toluene; (total of) other aromatics;
and PM - 10 (Table 7.1). The nean % and %N converted to the
correspondi ng oxides (COx, NOx) and the ratios %O CO, and %NO NO, and

t he associ ated standard devi ations were al so cal culated (Table 7.2).

The nmeans were then subjected to a Student’s t-test to deternine if the
neans for the sane ratio or analyte were statistically the sane across
at least two of the three categories. These t-tests determi ned that the
neans were statistically equivalent across all three categories for %C
Converted to COx, %O COx, %N Converted to NOx, 9%NO NOx and PM 10 mass,
and, therefore the individual values could be conbined to create |arger
data sets (Table 7.3).

Users of the database should consider using the data in Table 7.3 rather
than the average CO, CO NO and NO, emission factors in the validated
dat abase. Also, in contrast to the detonation PM 10 data, the BangBox-
derived PM 10 nass enission factors |ikely provide reasonabl e estinates
of the em ssions fromthe open burning of propellants.

Anal ogous to the detonation data, the differences between the neans for
the organic analytes are too large to pernit conbining theminto |arger
data sets. The neans in Table 7.1 are nornualized to the mass of the
energetic material (MEM burned. Wiile it would be desirable for sone
applications to have these enission factors nornalized to the carbon
content of the material burned, this could not be done because the

i nformati on necessary to do the cal cul ati ons was avail able for too few
mat eri al s.
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O her VOC Conpounds

No ot her VOC conpounds were found at notable levels for the bulk
propellant burns. This is consistent with the theory of propell ant
burns. 45

HO and d,

The nmean, nedi an and standard devi ati on of the nean % Recoveries for the
five C-containing materials burned in the BangBox are: 68% 73% and
32.8% respectively. For the four materials for which both HJ and d,
val ues were avail able, at |east 98% of the d was found as HJ,
regardl ess of the ampunt of total O recovered. These results are
simlar to those obtained by Ornellas for AP-based expl osive materials.®
At this tinme, it would be prudent to assune that all the C in an AP-
based propellant will be released to the environnent as HJ.

Lead and Al um num

The | ow and variabl e recoveries for Pb and Al were not expected and
shoul d be investigated further. It is possible that sone of the Pb is
converted to a chenical formwhich is not collected by a quartz fiber
filter. Until the reasons for the |ow recoveries are determned, it
woul d be prudent to assune that all the Pb and Al not accounted for in
the ash, was released to the environnent.

Met hod 8270 Conpounds ( SVOCs)
No Met hod 8270 SVOC conpounds were found for the bul k propellant burns.
This is consistent with detonation theory.

D oxi ns and Furans
Di oxi ns and furans were not detected, despite the extrenely sensitive
sanpling and anal ysis net hod enpl oyed (ML em ssion factor of 2.6E-11).

Resi dual Energetics

No residual energetics were detected for any of the bul k propell ant
burns. However, as nentioned earlier, the air sanples collected for
energetic analyses in the |ast two studies were not be anal yzed because
the SFC/ M5 unit was broken
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Table 7. 1.

Mean Eni ssion Factors (kg Analyte/kg MEM for Sel ected Burn

Anal yt es

Anal yte Cat egory MEM No. O Mean Std. .

(kg) Val ues Dev.

PM 10 BB, AP-Based 0.2 4 0.15 0.19

BB, Organic-Based 0.2 7 0. 28 0. 36

Total Saturated HC BB, AP-Based 0.2 4 0. OE+00 NM
BB, Organi c-Based 0.2 7 4. 7E- 06 . 7TE- 06

Et hyl ene BB, AP-Based 0.2 4 0. OE+00 NM
BB, Organic-Based 0.2 7 3. 7E- 06 . 5E- 06

Propene BB, AP-Based 0.2 4 0. OE+00 NM
BB, Organic-Based 0.2 7 1. OE-06 . 1E- 06
Acetyl ene BB, AP-Based 0.2 4 9. OE- 06 . 0OE- 06
BB, Organic-Based 0.2 7 4. 6E- 06 . 0OE- 06

O her Unsaturated HC BB, AP-Based 0.2 4 26E- 06 NM

BB, Organic-Based 0.2 7 3E- 06 NM
Benzene BB, AP-Based 0.2 4 1. 5E- 06 . OE- 06
BB, Organic-Based 0.2 7 3. 0E- 06 . 6E- 06

Tol uene BB, AP-Based 0.2 3 0. OE+00 NM
BB, Organic-Based 0.2 7 0. 8E- 06 . 3E-06

QG her Aromatics BB, AP-Based 0.2 4 0. OE+00 NM

BB, Organic-Based 0.2 7 8E- 06 NM

NC = not cal cul abl e
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Table 7.2. % Conversion of C and N to the Oxides from Burns

Par aret er Cat egory MEM No. O Mean Std.
(kg) Val ues Dev.
% as COx BB, AP-Based 02 4 99% 14%
BB, Organic-Based 0.2 3 91% 8%
Fi el d, Organic-Based 3200 3 100% 2%
%00 COx BB, AP-Based 0.2 4 0. 55% 0.32%
BB, Organi c-Based 0.2 7 0.27% 0.37%
Fi el d, Organic-Based 3200 3 0. 007% 0. 01%
9N as NOx BB, AP-Based 0.2 2 1.8% 1.0%
BB, Organic-Based 0.2 4 0.5% 0. 4%
Fi el d, Organic-Based 3200 3 0. 9% 0. 4%
9NO' NOx BB, AP-Based 0.2 3 75% 16%
BB, Organi c-Based 0.2 4 72% 46%
Fi el d, Organic-Based 3200 3 75% 6%

Table 7.3. Em ssion Factor Averages Across Categories
for Burns

Par amet er No of Val ues Medi an Mean Std. Dev
%C as COx 10 98. 5% 95. 0% 9.87%
%A COx 14 0. 20% 0. 300% 0. 366%
9N as NOx 9 0. 90% 0. 89% 0. 74%
YNQ' NOx 10 77. 0% 73. 9% 25. 6%
PM 10 10 0. 019 0. 233 0. 300
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Chapter 8
Suggestions For Using the Database

Det onati on Em ssion Factors

Rat her than using all the em ssion factors, user’s of the database
shoul d consi der using the neans and nedians in Tables 5.1, 5.3 and 5.4
as the starting point for predicting the em ssions from OD based
processes and adjust the data for their own situation using conmonly
accepted informati on on detonation theory and processes, such as that
presented in Chapter 1 and the information presented in Chapters 5 and 6
of this docunent.

For exanpl e, a database user attenpting to estinmate the enmissions at a
facility which surface-detonated a wide variety of bulk and assenbl ed
energetic-containing materials, could cal cul ate an average eni ssion
factor for each anal yte which covers both bul k and encapsul at ed
energetic materials. On the other hand, if the detonations are to be
conduct ed under a soil cover, one should consider the |ikelihood that
the fireball will be suppressed and use either the data in Tables 6.1
and 6.2 or select the uppernost part of the ranges for %O COx and
hydr ocar bons species in Tables 5.3 and 5. 4.

Unfortunately, if the energetic contains Pb or Al, at this tine, one has
to assune that all the Pb and Al is released to the atnosphere. Mire
research is needed on these rel ease of these and other nmetals from OD
activities. The low and vari able % recoveries for C and S observed in
all the studies also needs to be studied further to nore fully
characterize the environnental safety of OD practices. At this tinme, one
has to assune that all the netals, S and O enter the environnent and
attenpt to estimate how they will disperse in the environnent.

The nost difficult enmissions to estinate are those for PM 10 and
undegraded energetic starting materials. It would be reasonable to
assune that the PM 10 enission factors in Table 5.1 and 5.3
underestimate the PM 10 enissions for a surface detonation, but how | ow
is the estimate? Also, if the mass of the energetic being detonated is
small and the ratio “donor charge to total energetic mass,” is |arge,
one can assune that sone anpbunt of undegraded energetic will be rel eased
to the environnent. But again, how nuch?

Qpen Burning Em ssion Factors

Users should apply the data in Tables 7.1, 7.2 and 7.3 and the other
information presented in Chapter 7 in a manner anal ogous to that
reconmended above for the detonation enission factors, e.g., one has to
assune that all Pb, Al O and Sin the energetic naterial being burned
will be released to the environnent, except for whatever was recovered
in the burn pan ash. However, for burns, one can assune that

undegr aded energetic em ssions would be | ow and that the PM 10 em ssion
factors in Tables 7.1 and 7.3 are reasonabl e estimates of the PM 10
em ssi ons expect ed.
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Chapter 9
Recommendati ons for Future Wrk

The | ow and variable % recoveries for netals and for  and S observed
in all studies reviewed needs to be determined to nore fully
characterize the environnental safety of OB and OD practices. At this
tinme, one has to assune that all the netals, S and O enter the

envi ronnent .

Al'l emnission products studies to date have used relatively clean
energetic materials. Recovered high and | ow expl osi ves shoul d be
burned and detonated in chanbers to confirmthe representativeness of
these earlier studies.

Exi sti ng knowl edge on the affect that accelerators and retardants have
on the rate of energetic processes should be applied to OB and OD
technol ogies to see if the environnental safety of OB and OD can be

i mproved further.

Buri ed detonations should be avoided until the inpact that burial and
partial confinenent have on the enission is established through rigorous
research testing. Conputer simulations using conputational fluid
dynami c techni ques foll owed by experinental confirmation should be an

i ntegral part of these studies, because of the |arge nunber of factors
which could affect the enissions. O her noise suppression techniques
which do not inhibit the formation of the fireball, such as detonating
in chanbers, should al so be devel oped and eval uat ed.
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Appendi x A
Det ai | ed Descriptions of the Energetic Materials

Description of Materials Used in Study 1

This study, which was funded by the United States Arny Matériel Command
(AMCCOM, was conducted in the SNL Bang Box between January 30 and
February 16, 1989. |In this study TNT bl ocks were detonated while
suspended approximately 1 m above the concrete floor and two propellants
were burned in stainless steel pans 103 cmin dianeter and 12.7 cm deep
During the propellant burns, the pan was covered with a coarse stainless
steel screen to prevent pieces of the propellant fromsputtering out of
the pan during the burn. The propellants were ignited with an Atl as

el ectric match.

TNT Bl ock

TNT bl ocks wei ghi ng 227g were detonated on January 31, February 2 and
February 6, 1989. The TNT was obtained by renmoving the Mylar filmfrom
TNT denolition block and cutting the TNT into the shape and wei ght
desired. The TNT bl ock was nmade from pressed TNT grains ranging in size
from35 to 65 nesh; graphite (used to facilitate the pressing process)
was the only other conponent in the block. An RP-83 initiator, which
consi sted of PETN and RDX encased in an aluninumalloy casing, was used
as the initiator.

Foam Suppr essed TNT Bl ock Detonati on

The suspended TNT bl ock was encased in a gl ycol -based foam which had an
expansion ratio of 130:1. The foam contai ned glycol ether, a 5-carbon
al cohol, xanthin biopol yner, fornmal dehyde, a sulfonate surfactant and C,
- C, fatty acids. The foam bl anket was held in place with pol yethyl ene
sheeting. The dianeter of the foamto that of the bl ock was

approxi mately 17:1. The TNT bl ock was detonated on February 13, 1989 in
t he same manner as the bare TNT bl ocks had been detonated. This test
was done to deternine the capability of foamto reduce the blast wave
and i nprove the environnental safety of OD activities. It was found
that the foamdid not substantially reduce the blast wave to the degree
expected and that it inpaired the efficiency of the detonation (as

evi dent by the sharp reduction of the CO, enissions and the free carhbon
in the residue left on the floor after the detonation). The results
fromthis single test were not included in the database because of the
uni queness of the test.

Doubl e- base Propel | ant - NOSI H AA2

The MEM burned was 471g. The nmjor constituents of the propellant were:
240g NC, 184g NG 26.6g ethyl cellulose, 12.3g triacetin, 9.1g of di-n-
propyl adipate and 4.5g lead. A single burn was conducted on February
9, 1989.

Conposite Propellant MK-6, 88 P-217
The MEM burned was 448g. The nmjor energetic constituents of the

propel | ant were: 381g AP, 35.9g hydroxy-term nated pol ybut adi ene, 20.2g
di octyl sebacate and 4.5g al um num oxi de.

Description of Materials Used in Study 2
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Thi s Navy-funded study, which was conducted from January 19 to January
21, 1993, was the first study conducted in the DPG BangBox. |Its

obj ective was to collect enmissions data for use in designing a confined-
burn facility for propellants. Five propellants were burned in

stainl ess steel pans and the di nensions of the pans were not recorded in
the final report. The burn pans were placed at the center of the
BangBox on the steel plate covering the 1 x 1 x 1 mdetonation pit. The
burns were ignited using Hercul es Uni que Snokel ess Powder, which is a

m xture of NC (95% and NG (5% . A single burn was done on each

mat eri al

PBXN- 110 Propel | ant

The MEM burned on January 19, 1993 was 1064g, which included 14g of
snokel ess powder. The nmmjor energetic conponents of the 1050g of PBXN-
110 burned were: 924.1g HMX, 53g hydroxyl -term nated pol ybut adi ene, and
53g i sodecyl pel argonate.

MK- 23 CTBN Propel | ant

The MEM of energetic material burned on January 19, 1993 was 1030g,

i ncludi ng 30g Hercul es snokel ess powder. The mmjor energetic conponents
of the 1000g of MK-23 propellant burned were 800g AP, 142g carboxyl -
terni nat ed pol ybut adi ene and 20 g A

MK- 43 LOVA Propellant, M L-P-70818

The MEM of energetic material burned on January 20, 1993 was 1060g,

i ncludi ng 40g Hercul es snokel ess powder. The energetic conposition of
the MK-43 propellant burned was: 775g RDX, 41g NC, 122g cel |l ul ose
acetate butyrate (CAB) and 78g of a mix of bis(2,2-dinitropropyl)aceta
and bis(2,2-dinitropropyl)formal (BDNPA/ F).

Her cul es Uni que Snokel ess Powder
The MEM burned on January 21, 1993 was 454qg; it was conprised only of
snokel ess powder (431.3g NC and 22.7g NG .

Snokey Sam (Gbscurant)

The MEM of energetic material burned on January 21, 1993 was 273g,

i ncludi ng 23g of Hercul es snokel ess powder. One snpokey sam was burned
in each trial. The energetic conponents of the snokey sam were: 110. Og
AP, 100.2g Zn, 30g hydroxyl-term nated pol ybutadi ene and 7.5g di octyl

adi pate. The burn was very dirty; the BangBox airlock was filled with a
pungent, noxi ous odor and the BangBox test chanber was filled with a
dense fog.

Description of Materials Used in Study 3

Study 3 was funded by the United States Air Force (USAF) and was
conducted from February 8 to February 12, 1993. |Its objective was to
obtain emi ssions data for a Subpart X pernit application for a USAF
base. Four USAF itens were detonated in the BangBox; the detonations
were initiated using CG4 and an electric blasting cap (EBC). (C-4 is the
donor charge used in the routine detonation of the four USAF itens.)
The four itens and the TNT block (used to verify that the BangBox
pol | utant neasurenent systens were operating properly) were detonated
approxi mately 30 cm above the floor of the 1 x 1 x 1 m steel-Ilined
detonation pit in the center of the Bang Box test chanber. Sixteen
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gauge iron wire was used to suspend the TNT block and test itens. Three
detonati ons were conducted on each of the four USAF itens; a single
trial was conducted on the TNT block. The C-4 used for the donor
charges was obtained by renoving the Mylar filmfromstandard C 4
denolition blocks. It was shaped to the size and wei ght needed for the
test and then wapped in a 12.7 cmx 30 cm sheet of polyethyl ene
(weighing 1.99) to prevent C-4 particles fromfalling to the floor of

t he BangBox before the detonation was initiated.

Bar e- TNT Char ge
The MEM of energetic material detonated on February 8, 1993 was 227gq,
including 6g for the EBC. The 221g of TNT detonated was flaked TNT.

20mm Hi gh Expl osive Incinerary (HElI) Cartridge, M66A4, NSN 1305-01-118-
9928

The MEM detonated in each trial on February 9, 1993 was 189g, incl uding
60g of G4 with an EBC. Three, 20mmcartridges were placed on the G4
strip and tied in place with 16 gauge iron wire for each detonation

Each cartridge contained 8.8 g RDX (expl osive charge); 39.2g of W870
propel l ant (major energetic constituents: 33g NC and 3.3g NG ; and trace
guantities (ng) of barium tin, potassiumchlorate and | ead. The
cartridge has a thin steel casing.

40mm HElI Cartridge, M84, NSN 1310-00-039-1254

The MEM detonated in each trial on February 10, 1993 was 158g, incl uding
40g of G4 with an EBC. Two 40mm cartridges were placed on the G4
strip and tied in place with 16 gauge iron wire for each detonation

Each cartridge contained 54.4g of conposition A5 expl osive (conprised of
53.3g RDX, and 1.1g stearic acid); 4.6g of M2 propellant (major
energetic constituents: 3.59g NC, 0.9g NG and trace quantities (ng) of
barium tin cadmiumand |l ead. The cartridge has a thin steel casing.

ML8ALl Anti personnel M ne (Cd aynore), K143, NSN 1345-00- 710- 6964

The MEM detonated in each trial on February 11, 1993 was 227g. Because
the mine contained 681g of G4, it was necessary to renove 454 g of the
C- 4 before detonating it in the BangBox, which has a detonati on MEM
limt of approximately 230g. The mine was opened and the 700, 22-
caliber steel balls and 454g of C-4 were renpved fromthe 360 fibergl ass
resin case. The case was a 50:50 conposite of fiberglass and a

pol ystyrene/ pol ybut adi ene resin. The nine was suspended in the
detonation pit, an EBC inserted in the 227g of C-4 remaining and the

n ne was det onat ed.

Adapt er - boost er, T45E7, NSN 1325- 00-827-3851

The MEM detonated in each trial on February 12, 1993 was 193g, which

i ncluded 10g of C4 with an EBC. One adapter booster was detonated in
each of the three trials. The adapter-booster contai ned 182g of TETRYL,
a booster pellet and a holl ow bursted well which was closed with a stee
pl ug and housed in a steel cylinder 17.3 cmlong and 7.2 cmin dianeter
It also contained two 7.5g pressed wool wafers to protect the booster
casing and mlligramquantities of cadmum To reduce the chance for
the bl ast pulse to becone focused, a steel wool plug was placed in the

| arge end of the bursted well and the end was closed with a 31g plastic
plug. A 1.6 cmdianeter x 25 cmlong steel rod was screwed into the fuze
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well and a 2.5 cmthick x 23 cmdi aneter steel disk was fastened to the
other end of the rod. This assenbly was suspended horizontally in the
detonation pit. A 10g charge of G4 with an EBC initiated the
detonation. However, significant focusing of the blast still occurred
as noted by: 1) the hole punched through the 1.25 cmsteel plate lining
the pit and the charred paper on the fiberglass insulation behind the
steel plate; and 2) the charred wood on the “witness shield”

approxi mately 3 neters above the pit (1 mabove the top of the netal
shrapnel - cont ai nnent cage (suppressive shield) covering the pit. Wen
this charring occurred, i.e., during which trial(s), is not recorded,
but, it could explain the higher than expected result obtained when the
average CO, enission factor was used to conduct a carbon mass bal ance.

Description of Materials Used in Study 4
Study 4 was funded by the United States Arny and the National Guard and

it was conducted on March 16 and 17, 1993. It’'s objective was to assess
the pollutants that troops are exposed to during training activities
associ ated with the burning of propellant bags. In this study, M1 and

M9 propellants were burned in stainless steel pans using 4g of Hercul es
Uni que Snokel ess Powder as the initiator. Three burns were conducted on
each propellant.

M 9 Propel |l ant

Two hundred and thirty two (232) unopened bags of M9 propellant were

pl aced in the burn pans and the propellant ignited using 4g of snokel ess
powder and two electric squibs. Each bag wei ghed 11.5g and cont ai ned
approxi mately 10.4g of M9 propellant. Three M9 propellant burns were
conducted on March 16, 1993. The MEM used in each burn was 2405g,

i ncludi ng 4g of snokel ess powder. The energetic conposition of the
2,401g of M9 propellant burned was: 1,387g NC, 960g NG 36g potassium
nitrate and 18g di phenyl am ne. The propell ant bags were identical to
those used to fire the 181 mmnortar, but their chenical conposition was
not given in the final report. Based on 1.1g per bag, the total nmmss of
the 232 bags was 255g.

M1 Propellant In M3 Propellant Bags

The MEM burned in each trial was 2,273g, including 4g of snokel ess
powder and 113g of reducer charge. The M1 propellant was contained in
Nunmber 4 and Nunber 5 M3 propellant bags; the conposition is not given
in the final report. The Nunmber 4 bag wei ghed 15g and the Nunber 5 bag
wei ghed 19.5g. Two Nunber 4 bags and two Nunber 5 bags were burned
during each trial. Each Nunber 4 bag contai ned 428g of M1 propellant
and 29g of reducer charge and each Nunber 5 bag contai ned 650g of M1
propel | ant and 27.5g of reducer charge. The conposition of the reducer
charge was not given in the final report. The najor energetic
constituents of the 2,156g of M1 propellant burned were: 1,815g NC
213g dinitrotoluene, 106g di butyl phthal ate and 22g di phenyl anmi ne. The
three M1 propellant burns were conducted on March 17 and 18, 1993; each
burn was conducted under different tenperature and humidity conditions.
These conditions were generated using electric heaters and pans
containing water. The first burn was conducted at |ow humidity and at a
t enper at ure above anbi ent tenperature; the second burn was conduct ed
early in the norning of March 18 under conditions of cool tenperature
and high relative hunidity, and the third burn was conducted at anbi ent
tenperature. Unfortunately, the specific tenperatures and humidities
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used are not given in the final report. Because the three trials gave
em ssion factors which were essentially the sane, the em ssion factors
are identified in the database as M1 propellant burn w thout
referencing the environnmental conditions under which each burn was done.

Description of Materials Used in Study 5

This study, which was funded by the USAF, was conducted from February 23
to March 9, 1995. |Its objective was to obtain em ssions data for a
Subpart X permt application at a USAF base. During this study, the

em ssion from 10 USAF itens were characterized when these materials were
detonated. C 4, detonation cord and an EBC assenbly (detonation train)
were use to initiate each detonation. Three detonations were conducted
for each item Each item detonated was suspended either 1 mor 0.5 m
above the floor of the 1 x 1 x 1 mdetonation pit. The C-4 was obtai ned
by renmoving the Mylar filmfrom ML12 denolition charges; it was shaped
to the size and wei ght needed for the test and then wapped in a 12.7 cm
x 30 cm sheet of polyethylene (weighing 1.99) to prevent C-4 particles
fromfalling to the floor of the BangBox before the detonation was
initiated.

TNT Bl ock

To ensure that the pollutant neasurenent instrunents and ot her BangBox
equi pnent was operating properly, three TNT blocks with a total MEM of
2229 were tied together with 16 gauge iron wire, wapped with 1.9g of

pol yet hyl ene sheeting and detonated (using an EBC inserted in the bottom
of the assenbly) on February 23, 1995.

Detonati on Train

This itemrepresents the detonation train used to initiate the
detonation of the other nine itens used in the study. It was detonated
to deternmine the effect that its detonation could have on the eni ssions
neasured fromthe other nine itenms. Each detonation train contained 57g
C- 4, 32g detonation cord (PETN), and an EBC. The C4 was shaped into

bl ocks wei ghing 57g with di nensions approximately 7.7 x 2.5 x 2.5 c¢cm and
the detonation cord was cut into 3 mlengths and coil ed around the

pol yet hyl ene-w apped C- 4. For this test, two detonation train
assenblies were tied together with 16 gauge iron wire, wired in parallel
tothe firing line and detonated above the floor of the detonation pit
usi ng one EBC on each detonation train. The MEM used in each of the

t hree detonati ons conducted on February 24, 1995 was 178g.

Cartridge, Inpulse, ML87 Mbd O ARD446-1, NSN 1377-00-516-9924

This item has a MEM of 12.5g. For each trial, ten ARD446's were w apped
together in polyethyl ene sheeting and detonated usi ng one detonation
train. The MEM of the assenbly was 216g, including 91g fromthe
detonation train. Each cartridge was stated to contain 0.9g charcoal
0.99g sul fur and 5.0g potassiumnitrate and approxi mately 8g of snokel ess
powder. It is assuned that the snokel ess powder was 70% NC and 20% NG
and 10% ethyl centralite. Three detonations were done on February 25,
1995.

Cartridge, Inpulse, BBU 36B, NSN 1377-01-037-8650, Lot T0592A002012
This item depl oys chaff fromaircraft and contains a pyrotechnic filler
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which readily burns when initiated. Each cartridge has a MEM of 875ng.
Sixty cartridges were used in each of the three detonations conducted on
February 27, 1995. |n each detonation, 42 cartridges were clustered
around a 57g block of G4 and 18 cartridges were placed on the sides of
a 0.5 mlength of detonation cord which had been folded into a 0.25 m

length. In trial 1, the two assenblies were hung separately with one
end of the detonation cord inserted in the block of G4. An EBC was
used to detonate the CG4. In trials 2 and 3, the C-4 and detonation

cord assenblies were bound together using 16 gauge iron wire. The MEM
of the assenblies detonated was 144g, including 91g fromthe detonation
train. The energetic conposition of the cartridge is not fully known;
it did contain 0.1g potassiumnitrate, 0.1g charcoal 0.7g NC, 0.2g NG
and 0. 06g anorphous boron

Cenerator, Gas Pressure, Propellant Actuated, GCU 2/ A, NSN- 1336-00-420-
2980

This item which is used in the LGWBO m nuteman mssile, has a MEM of
95.3qg; its energetic conposition is classified. The itemwas prepared
for detonation by renoving the outer netal jacket to expose the solid
propel lant which is cast as a short hollow cylinder. Twenty-eight and a
hal f grans of C-4 was packed into the hollow cylinder and the cylinder
wr apped in polyethyl ene sheeting. This assenbly was then wapped with
1.5 mof detonation cord and the gas generator’s plastic shipping plug
was taped on top of the detonation cord. The gas generator was then
oriented with its steel plug facing into the detonation pit and
detonated with an EBC. One gas generator was used in each detonation

t hree detonati ons were done on March 1, 1995. The MEM of each assenbly
det onat ed was 139g.

Cartridge, Inpulse, MK107, Modd 01, NSN- 1377-00-779-2601

This cartridge has a MEM of 24.5g. Five cartridges were placed around a
579 block of CG4. Tney were parallel to each other, but alternated tip
to base. This assenbly was wapped with 3 mof detonation cord and
detonat ed over the detonation pit using an EBC. The MEM of each
assenbly was 208g, including 91g for the detonation train. The energetic
conposition of the MKI07 cartridge was 17.4g NC, 5.0g NG 1g barium
nitrate and 1.2g of potassiumnitrate. Three detonations were conducted
on March 3, 1995.

Signal, Illumnation, Gound, Red Star, ML58 NSN 1370- 00-490- 7363

This flare has a MEM of 36.8g. Four flares along with their bandoliers
were used in each detonation. Two flares were placed on one side of a
579 block of G4 and two were placed on the opposite side. This
assenbly was w apped in pol yethyl ene sheeting; 3 mof detonation cord
was then w apped around the assenbly and secured with 16 gauge iron
wire. This final assenbly was detonated with the flare-rel easing end
poi nted down into the pit. An EBC was used to initiate each of the

t hree detonati ons conducted on March 4, 1995. The MEM of each assenbly
was 239g, including 91g fromthe detonation train. The conplete

energetic conposition of the itemis unknown. It did contain 2.5g of
bl ack powder, 5.2g of strontiumnitrate, 2.5g nmagnesium 11g potassi um
nitrate, 2.5g charcoal and mlligramquantities of cadm um and zi nc.

Fuze, Tail Bonb, Fuze Mechanical Unit (FMJ) 54A/ B, NSN- 1325-00-613-0484
This fuze, which contains 163g of TETRYL, initiates the |ongitudina

55



detonator cast into general purpose (GP) air-dropped bonbs such as the
ML17 and MKB2. The MEM of the fuze is 163.3g. One fuze was used in each
of the three detonations conducted on March 6, 1995. Each fuze was
prepared for detonation as follows. A 28.5g block of G4 was taped to
the side of the fuze near its nain explosive charge and the assenbly

wr apped in polyethylene sheeting. 1.5 mof detonation cord was then

wr apped around the fuze and the fuze was screwed onto a threaded shaft.
(The opposite end of the shaft was attached to a 1.9 cmthick by 30.5 cm
di aneter steel plate. The purpose of the steel plate was to break up
any focused blast effect resulting fromthe detonation.) The fuze was
detonated 0.5 m above the floor of the detonation pit using an EBC. The
MEM was 209g, including 46g fromthe detonation train.

Fl are, Counterneasure, Aircraft, MO06, NSN 1370-01-0482138

This flare is used to decoy heat-seeking missiles away fromaircraft.
Each flare has a MEM of 150.2g and contai ns 102g powered magnesi um 19
potassiumnitrate, 5g NC and 13g rubber. The flare, which had an

al um num case, was prepared for detonation as follows. A 57g block of
C4 was cut in half lengthwise and the two halves placed on the | ong
axis of the flare such that two halves remained in contact. This
assenbly was wrapped in pol yethylene sheeting and then 3 m of detonating
cord was w apped around the assenbly starting at the end opposite the C
4. The plastic plug in the forward end of the flare was left in place
and the final assenbly suspended 0.5 m above the fl oor of the detonation
pit. The pit cover was partially extended over the pit when the flare
was detonated using an EBC to initiate the detonation. The MEM of the
final assenbly was 241g, including 91g fromthe detonation train. Three
detonati ons were done on March 7, 1995.

Fuze, Tail Bonmb, Fuze Mechanical Unit, 139A/B, NSN 1325-01-214-7311
This fuze contains 126g of TETRYL; it initiates the |ongitudina
detonation cast into GP air-dropped bonmbs. The MEM of the fuze is 126g.
One fuze was detonated in each of the three detonations conducted on
March 8, 1997. The procedure enployed was sinmilar to that used for the
FMJU 54 A/B fuzes detonated on March 6, 1995. The MEM of the each
assenbly detonated was 172g, including 46g fromthe detonation train.

Signal, Illumnation, Aircraft, Red Star MI3A2, NSN- 1370-00-618-5790
This flare has a MEM of 56.8g with 56.6g of this MEMin the illuminating
charge. The illum nating charge contains 10.2g nmagnhesi um powder, 13.6g

pot assi um perchl orate, 24.9g strontiumnitrate, 3.4g hexachl orobenzene,
4g asphaltum and ng quantities of cadmi um barium and | ead. Three
flares along with their bandoliers were used in each of the three

det onati ons conducted on March 9, 1997. The three flares were tied to a
579 block of G4 and detonated enploying a procedure simlar to that
used for the M58 flares detonated on March 4, 1995. The MEM of each
assenbly detonated was 260g, including 91g fromthe detonation train.

Description of Materials Used in Study 6

Study 6 was a R&D study funded by the Strategic Environnental Research
and Devel opnent Program (SERDP); its objective was to determ ne the

em ssi ons rel eased when doubl e-based and AP-based propellants were
burned. The testing was conducted fromJuly 26 to August 3, 1995. The
four propellants burned were placed in stainless steel pans and ignited
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with an electric squib and 4g of Hercul es Uni que Snokel ess Powder.

MB1ALlEl, Triple Based Propellant, NSN 1376-01-213-5669

During the first burn, the stick propellant was burned in an upright
position, which resulted in extensive propellant kickout. To reduce
propel | ant ki ckout, for the second and third burns, the propellant
sticks were placed horizontally in the pan. For these |atter burns,

four propellant sticks were broken into fourths (18.4 cn) and placed in
the pan. Then additional propellant sticks were broken in half (36.8
cm) and placed crosswi se on top of the other propellant sticks. The MEM
(including the 4g of snokel ess powder) used in the three burns conducted
on July 26, 1995 were 2,284g, 2,280g and 2,264g, for the first, second
and third burns, respectively. The major energetic constituents of the
MB1AL1El propellant burned were: 492g NC, 410g NG 1, 245g NQ 34g et hyl
centralite and 1g of charcoal

Doubl e- Based Propel | ant

O her than the follow ng el enental conposition, no information is

avail able for this cast propellant which was burned on July 27, 1995:
20.36% C, 2.97%H, 28.73%N, 46.14% O, 0.89% Pb, 0.89% Zr and 0.02% Sn.
The MEM of propellant burned in each of the two burns was 2, 227g,

i ncludi ng 49 of snokel ess powder. Each propellant burn would
potentially rel ease 19.8g of Pb

Ammoni um Per chl orate (AP) Propel |l ant

O her than the follow ng el enental conposition, no information is

avail able for this propellant which was burned on July 31, 1995: 25.87%
A, 11.32% C, 4.31%H, 10.35% N, 47.31% and 0.89% Zr. This
fornmulation inplies that the propellant was 85% AP. The MEM burned in
each of the two trials was 2,270g, including the 4g of snokel ess powder
used to initiate each burn. Based on the above el enental conposition
the 2,270g of propellant burned contained: 1946g AP, 300g of a nateri al
or materials with the elenental formula of C,H;,, 3.8g NC, 0.2g NG and
209 Zr.

Al unmi ni zed Amoni um Perchl orate (AP) Propell ant

O her than the follow ng el enental conposition, no information is

avail able for this propellant which was burned on August 3, 1995 19%
A, 20.8%d, 10.09%C, 3.7%H, 8.3%N, 38.1% O and 0.008% P. This
fornmulation inplies that the propellant contai ned 69% AP by weight. The
MEM (i ncl udi ng 4g of snokel ess powder) for the first and second burns
were 1,216g and 1, 159g, respectively for an average MEM of 1192g (8219
AP, 226g Al, 141g of a nmaterial or materials with an el enental

conposi tion of C,,H;,;O 3.8g NC and 0.2g NG .

Description of Materials Used in Study 7

Study 7 was a SERDP-funded R & D project designed to deternine the

em ssi ons rel eased when TNT-based expl osi ves are detonated at ground

| evel and underground. This study was al so done to obtain infornmation
on the emi ssions released to the at nosphere when waste from an

al um ni zed AP propel |l ant manufacturing process and di esel fuel -soaked
dunnage are burned. All detonations and burns were done in triplicate.
Except as indicated below, all detonations were done using an M6 EBC
and a 6.5g block of G4 cut froman ML12 denplition charge. The
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detonations were done with the material suspended 1 m above the floor of
t he BangBox.

Det onati ng Cord

Twenty-one and three tenths (21.3) neters of PETN based detonating cord
were shaped into a 61 cmdianeter coil and the coil suspended over the
detonating pit such that a 2.5 cm space exi sted between each successive
turn of the coil. The MEMused in each of the three detonations
conduct ed on August 15, 1995 was 205g, including the Mo EBC used to
detonate the detonation cord. For the reasons discussed in Chapter 3,
all the detonation cord results were determ ned to be invalid and,
therefore, were not included in the validated dat abase.

Tritonal Surrogate

Low density tritonal is used in 750 I b. air-dropped bonbs; it consists
of 80% TNT and 20% Al by weight. There is no commercial or mlitary use
for tritonal recovered fromthese out-of-date bonbs. A tritona
surrogate was prepared using crushed TNT bl ock and al unm num powder.
These conponents were placed in a jar and mxed until the mxture
appeared to be honpbgeneous. This mx contained 1274g TNT and 431g Al
Three, 227g portions of this mx were placed in thin polyethyl ene bags
and the bags closed with cotton string. One bag was used in each
detonation; the detonations were done with the bags suspended

approxi mately 1 m above the concrete floor of the Bang Box. |In the
first two trials, a single M6 EBC was used to initiate the detonation
It was apparent fromthe noise of the blast and the residues on the
floor that the two detonations did not go high order. To ensure that
the third detonation went high order, the EBC was inserted into a 6.5g
bl ock of C-4 for this detonation. The MEM of the material detonated in
the three detonations was 229g for the first two detonations and 235g
for the last detonation. Because they were not high order detonations,
the results fromthe first two detonations are not included in the

dat abase. The detonati ons were done on August 16, 1995.

Tritonal Surrogate with 2.5% Cal ci um Stearate

The calcium stearate served as a surrogate for the organic naterials
associated with tritonal when it is steanmed out of 750 |b. bonbs. Three
detonati ons were done on August 17, 1995; a 6.4g block of G4 and an
EBC were used to initiate each detonation. The tritonal/calcium
stearate m xes detonated were contained in thin polyethylene bags in a
manner identical to the tritonal surrogate detonations. Each bag
contained 216g of the tritonal surrogate nix prepared earlier and 11g of
cal cium stearate. The MEM of the material detonated was 226g, incl uding
8g fromthe C 4/EBC

WAt er - Suppressed Tritonal Surrogate Detonation

The purpose of these water-suppressed detonations was to obtain a
prelimnary conparison between the enissions fromunconfined, surface
and buried detonations. The purpose of the water was to quench the
fireball that forns when an energetic nmaterial is detonated. This
fireball is inportant for ensuring that the nol ecular fragnents of the
energetic materials fornmed in the detonation are converted to CO and
CO,. Three, water-suppressed detonations of tritonal were done on
August 22, 1995 using 227g of tritonal surrogate, 1,362g of water, a
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6.5g block of C4 and an EBC. For the first two detonations, the
tritonal was in contact with three bags each of which contai ned 454g of
water. (The four bags (3 water, 1 tritonal) were in a | arger bag which
was tied with cotton string such that the water bags renmi ned in contact
with the tritonal bag.) For the third detonation the 1,362g of water
was divided equal ly anbng five pol yethyl ene bags to increase the
tritonal surface area covered by the water. 1In this latter detonation
three of the water bags were in the sane plane as the tritonal bag, one
was on top of the tritonal bag and the | ast was underneath the tritona
bag. The six bags were held in a larger bag which was tied with cotton
string to keep the water bags in contact with the tritonal bag. The MEM
detonated in each trial was 235g, including 89 fromthe C 4/EBC

Amat ol Surrogate

Amatol is a secondary expl osive conprised of TNT and ammmoniumnitrate
(AN). It is used in a wide variety of nunitions. Three detonations of
an amatol surrogate containing 113.5g of TNT and 113.5g AN were done on
August 18, 1995. The anmatol was prepared by m xing crushed TNT bl ock
with AN powder in a manner simlar to that used to prepare the tritonal
surrogate. The amatol surrogate was placed in the polyethyl ene bags and
detonated in the sanme nanner as the tritonal surrogate. The MEM of the
mat eri al detonated in each of the three trials was 235g, including 8g
fromthe C 4/ EBC

WAt er - suppressed Amatol Surrogate Detonation

Three detonations of 227g amatol surrogate in contact with 5 bags
containing a total of 1362g of water were done on August 28, 1995. The
five water bags were distributed around the amatol surrogate bag in a
manner simlar to that used for the third water-suppressed tritona
detonati on on August 22, 1995. The MEM detonated was 235g, including 8g
fromthe C 4/ EBC

Low Density Conposition B Surrogate

Conposition B, a secondary explosive found in a wide variety of bonbs
and artillery projectiles, is a conbination of RDX and TNT. The
Conposition B surrogate detonated on August 19, 1995 was prepared by

m xi ng crushed TNT block with CG4. Three, 227g nixtures of the
Conposition B surrogate in thin polyethylene bags were detonated. The
energetic conposition of this conposition B was 128g RDX, 86.3g TNT and
12.7g of mneral oil/polyisobutylene (fromthe C4). The MEM det onat ed
was 235g, including 89 fromthe C 4/EBC

HBX Surrogate

HBX is an alum nized formof Conposition B, it is used in a variety of
bonbs, depth charges and torpedoes. The HBX surrogate was prepared by
m xi ng al um num powder with Conposition B surrogate. Two hundred and
twenty seven gramquantities of the HBX surrogate were placed in thin
pol yet hyl ene bags and detonated on August 21, 1995. Three detonations
were done. The energetic conposition of the HBX surrogate detonated
was: 109g RDX, 72g TNT, 7.8g nineral oil/polyisobutyl ene and 38.5g Al
The MEM of the material detonated was 235g, including 8g fromthe C
4/ EBC.

Al umi ni zed Propel | ant Manufacturing Waste Surrogate
This surrogate waste sinmulated the mx of plastic gloves, cotton rags,
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ki mv pes, wood towel rods and simlar materials that result fromthe

cl ean-up of the vessels used to manufacture propellants; it is usually
di sposed of by open burning. The conposition of the surrogate waste
burned in the stainless steel pans on August 23, 1995 was: 65%

al um ni zed AP (69% AP, 19% al um num), 20% plastic material (gloves,
anti-static polyethylene), 11% paper/wood/cloth and 4% di esel fuel. The
propellant in one inch cubes was random y di spersed in the conbustible
materials. Because the first burn resulted in a hole in the bottom of
the pan, the second and third burns were done with the surrogate waste
sitting on top of a 7.6 cmlayer of pea gravel. At the conpletion of
each of these |last two burns, holes were found in the side of the burn
pan, and nelted plastic was found in the pea gravel. Approximtely 110g
of ash remained in the burn pan after the first burn, 40g of ash after
the second burn and 65g of ash after the third burn. It was difficult
to determ ne the weight of ash renmi ni ng when the pea gravel was used.
The wei ght of waste surrogate burned in the three trials was 1, 139g,

i ncluding the 4g of Hercul es Uni que Snokel ess Powder used to initiate
each burn. Since this burn was done to characterize the em ssions from
the waste itself, the mass of the material burned (1,139g), rather than
the mass of energetic burned (741.8g) was used to cal cul ate the em ssion
factors.

Di esel Fuel and Dunnage Surrogate

Scrap wood from amunition boxes, dead branches from bushes/trees,

st yrof oam packing nmaterials and other conbustible materials (dunnage)
are sonetinmes used with diesel fuel or other flamable liquid to assist
in the open burning of nmunitions and other energetic materials found on
training ranges, battlefields, etc. A surrogate diesel fuel-soaked
dunnage was burned on August 29, 1995 to deternmnine the emni ssions

rel eased when dunnage is burned. Three burns were done in unlined
stainl ess steel pans using 909g of the surrogate naterial and 4g of
snokel ess powder. The conposition of the surrogate material, which was
prepared using styrof oam pasteboard and irregularly shaped pieces of
wood, was: 87.5%cellul ose (795.4g), and 12.5% pl asti c/di esel fue
(114g). Since this burn was done to characterize the enissions fromthe
di esel fuel and dunnage mixture itself, i.e., the mxture did not
contain any energetic naterials, the mass of the nmaterial burned (909q)
was used to cal culate the enission factors.
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Appendi x B
Sanpl i ng and Anal ysi s Met hodol ogi es Used

Cont i nuous Em ssion Mnitors (CEM)

Thernmo Environnental (TECO CEMs were used to neasure the concentrations
of CO,, CO NO NGO, SO, Oy and HO in the test chanber for a m ni mum of
25 minutes after a detonation or burn was initiated. The CEMs were
located in the airlock and connected to the test chanber via a

passi vated stainless steel sanpling manifold; their output voltages were
recorded by a calibrated data acquisition system (DAS) conprised of five
conputers and a LAN. The pollutant concentrations neasured before the
detonation/burn was initiated were used to correct the poll utant
concentrations nmeasured after the detonation/burn was initiated. The
nodel nunbers and neasurenent principles of the TECO anal yzers are: CO,
(Mbdel 41H, gas filter correlation); CO (Mdel 48, gas filter
correlation); NO NO, (Mbdel 42, chem | um nescence); SO, (Mdel 43A,

pul sed fluorescence); O; (Mdel 49, UV absorption); and HO (Mdel 15,
gas filter correlation). The analyzers were calibrated at |east once
each test day using N ST-traceabl e gas standards.

EPA Method 26 Sanpling Systemfor HO and d.,.

Two EPA Method 26 sanplers, located in the test chanber, were used to
nmeasure C , and HC concentrations when chl orine-containing propellants
were burned. This sanpler uses a set of Mdget inpingers connected in
series to collect HO and C,. The second and third inpingers, which
contain 0.1N H,SO,, renmove HO fromthe sanpled gas stream and the
forth inpinger, which contains 0.1 N NaOH, renoves C ,. The inpinger
contents are analyzed for C by ion chromatography. The sanpling flow
rate is 1 L/mn.

Evacuated Canisters for CO CO,, and SFg

Evacuat ed cani sters were used to neasure the CO,, CO and SFg
concentrations in the test chanber. Generally, three CO)J/ CO sanples and
five SFg sanples were collected fromthe sanpling manifold in the
airlock during each trial. These sanples were taken at 5 to 10 ninute
intervals and spanned the tinme during which the other pollutant sanples
were being collected/ neasured. Depending on the concentration of the
gases, the CO and CO, anal yses were done using a GC equipped with either
a flanme ionization detector (GO FID) or a thermal conductivity detector
(GO TCD) and the SF6 anal yses were done using an el ectron capture

det ector (GC/ ECD).

Evacuated Canisters for Volatile Organi c Conpounds (VQOCs)
Three, 6-L canister sanples were collected fromthe test chanber via the
sanpling mani fold during each burn/detonation event. The first sanple
was taken approximately 5 min after the burn/detonation was initiated,
the second was taken 5 to 10 minutes later and the third was taken 5 to
10 minutes after the second. Each sanple was taken over a 1 to 3-nin.
period. The canister sanples were anal yzed for total non-nethane

hydr ocar bons usi ng EPA Method TO 12 (GC/ FID) and for over 200 i ndividual
conpounds using GO/ FID and GO/ Ms. Mbst of these conmpounds were
quantified by GO FID;, approximtely 20 were quantified by GO Ms. Ten of
these |l atter conpounds were also quantified by GC/FID. The VCOC target
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anal ytes are listed in Appendix C

H gh Vol une Sanpl er

This sanpler collected sanples for determination of: (1) particle nass;
(2) nmetals; (3) EPA SW846 Met hod 8270 SVOC conpounds ( Soxhl et
extraction with analysis by GO MS); and (4) remmants of the energetic
materials (e.g., TNT, PETN, RDX, NG NC, etc.) and other thernmally-

| abil e anal ytes. Three sanplers, equipped with 20.3 x 30.8 cmquartz
filters, were used for each detonation/burn event. They collected test
chanmber sanples for 20 to 30 minutes after a detonation/burn was
initiated. Although the initial flowrate was 1.1 m /mn, the flow
rate generally decreased over the sanpling period. Sonetines the
filters were recovered after each trial; at other tinmes they were
recovered after the last trial had been done (conposite sanples).

The filters were processed in the | aboratory as foll ows.

Particle Mass and Metals

The wei ght gain of each filter was deternined using a | aboratory

bal ance, and then two, 6.5-cnf sections were taken fromeach filter,
conbi ned, acid extracted and the extract anal yzed using inductively
coupl ed plasnma atonic enission spectronmetry (ICP) for Al, Sh, Ba, Be
Cd, Cr, Cu, Pb, Ni, Ti; and Zn. A portion of each filter was al so
anal yzed for nmercury using EPA SW846 Method 7000. |n sone studies al
filter sections fromthe sane detonation/burn were conmbi ned, but in
others, all filters fromthe sane sanpler were conbi ned

Met hod 8270 SVQOCs

The conposited filters were Soxhl et-extracted with 700 ml of
acetonitrile, the extract was concentrated to 1 to 2 ml via rotary
evaporation, and an aliquot analyzed using a HP Moddel 5890/5970 GC/ M5
operated in the full scan GO M5 node. 1In sone studies all filters from
t he sane detonation/burn were conbi ned before the Soxhlet extraction was
done, but in other studies all filters fromthe sane sanpler were

conbi ned before the extraction was done. The Method 8270 target
conmpounds are listed in Appendix C

Energetic and G her Thernally-1abil e Conpounds

To determine if these conpounds were present, an aliquot fromthe above
SVOC extract was anal yzed by SFC/ M5 (supercritical fluid
chromat ogr aphy/ M5) and, at times by SFC/ TEA using a nodified Lee
Scientific Mddel 600/ Finnigan-Mat |Incos 50. Two conpl enentary SFC/ M5
anal yses were perforned: (1) negative chemical ionization for
nitroaronatics, nitramnes, nitrate esters and nitroso conpounds; and
(2) positive chem cal ionization for pol ynuclear aromatic hydrocarbons,
their nitrogen and oxygen heterocyclic counterparts, am nes, and
nitrosoam nes. The SFC unit was run in the selected ion node, rather
than full scan nbde. Extracts from sone studies were also anal yzed
using full scan, SFC/ TEA to seek out untargeted nitroso and nitro
conmpounds and nitrate esters. The target energetic conpounds are |listed
in Appendi x C

PM 10 Sanpler (General Metals Wrks, Mdel GUV-10H)

This sanpler is essentially a high volune sanpl er equipped with an inl et
whi ch prevents particles with aerodynanic size dianeters larger than 10
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m crons fromreaching the 20.3 by 30.8 ¢ quartz filter; provided the
sanpling flowrate is maintained at 1.1 m?/mn. Only one PM 10 sanpl er
was used in the BangBox; it was |located in the test chanber. The filter
sanpl es were recovered after each detonation/burn, weighed, and anal yzed
for nmetals in a manner anal ogous to that used for the high vol une

sanpl es.

PS-1 Sanpl er (CGeneral Metal Wrks, Inc. Mdel PS-1)

This sanpler was used to collect air sanples for determ nation of Method
8270 SVOCs and chl orinated dioxins and furans. (See Appendix A.)
Separate sanplers were used for the SVOCs and the di oxins/furans,
because the extraction solvent for the SVOCs (nethyl ene chloride) was
not the same as that used for the dioxins/furans (toluene). Three SVCC
sanpl ers were used for each detonation/burn, but no nore than two

di oxi ns/ furans sanplers were used in any detonation or burn. The PS-1
sanpl ers contained 65 to 75 g of XAD-2 resin in either a glass or

alum numcartridge. The cartridge had an internal dianeter of 6 cm and
was 12.5 cmin length; it contained a 10-cmdianeter quartz fiber filter
inits inlet. This filter was replaced after each detonation/burn, but
the XAD-2 resin was not recovered until all detonation/burn trials

pl anned for the test item had been acconplished. Al filters fromthe
sane sanpler were conbined with the correspondi ng XAD-2 cartridge,
extracted and anal yzed using either full-scan GO M5 (SVOCs) or

sel ective-ion-node high resoluti on gas chromat ography/ hi gh resol uti on M5
( HRGC/ HRIVB)

Fl oor and Burn Pan Sanpl es

In sone studies, floor sweepings and burn pan resi dues were anal yzed for
netal s, Method 8270 SVOC conpounds, and di oxi ns and furans using
procedures sinmilar to those used for the air sanplers. Unfortunately,
the total mass of the metal in the ash/resi due was not reported.
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VQOCs

The i ndi vi dual
acet al dehyde;
acetyl ene;
benzal dehyde;
br onochl or onet hane;

br ononet hane;

1- but anol ;

ci s- 2- but ene;

n- but yl benzene;

carbon tetrachl ori de;
chl or oet hane;

chl or opr ene;

cycl ohexene;

n- decane;

di chl or onpet hane;

1, 1- di chl or oet hane;

ci s-1, 2-di chl or oet hene;
1, 2-di chl or opr opane;

trans-1, 3-trichl or opr opene;

2, 2-di met hyl hept ane;

2, 3-di net hyl pent ane;

et hane;

2- et hyl - 1- but ene;

et hyl ene;

n- hept ane;

hexanal ;

ci s- 2- hexene;

i ndan;

i sobut ene;

i sohexane;

i sopropyl benzene;

met hyl broni de;

2- et hyl - 1- but ene;

2- et hyl - 1- pent ene;

ci s- 3-net hyl - 2- pent ene;
trans- 4- et hyl - 2- pent ene;
met hyl cycl opent ane;

2- et hyl hept ane;

et hyl i sobut yl ket one;
neohexane;

1- nonene;

1- oct ene;

1- pent ene;

al pha- pi nene;

1- propanol ;

propyl ene;

1,1, 2, 2-tetrachl or oet hane;
1,1, 1-trichl or oet hane;
trichl oroet hyl ene;
1,2,4-trimethyl benzene;
2,2,4-trimethyl pent ane;
trinethyl -1 -pentene;

n- undecane;

(0, m p)-xyl ene;

In addition to the above i ndivi dual

APPENDI X C

TARGET ANALYTES

target VOC conpounds were:

acet one;
acrylonitrile;
benzene;
br onodi chl or onet hane;

1, 3- but adi ene;
2- but anone;

t rans- 2- but ene;
tert-butyl benzene;
chl or obenzene;

chl orof orm

(0, m p) - chl or ot ol uene;

cycl opent ane;

1- decene;

(0, m p) - di chl or obenzene;
1, 2-di chl or oet hane;
trans-1, 2-di chl or oet hene;
ci s-1, 3-di chl or opr opene;

(m p)-diethyl benzene;
2, 3-di net hyl hexane;

2, 4-di met hyl pent ane;

et hanol ;

et hyl chl ori de;

(0, m p) - et hyl t ol uene;

1- hept ene;

n- hexane;

t rans- 2- hexene;

i ndene;

i sobut yl benzene;

i sopent ane;

p-isopropyl t ol uene;

met hyl tert-butyl ether;
2- et hyl - 2- but ene;
4- net hyl - 1- pent ene;

met hyl cycl ohexane

met hyl cycl ohexane;

met hyl cycl opent ene;

3- et hyl hept ane;

3- et hyl pent ane

neopent ane;
4- nonene;

ci s-2-oct ene;

ci s- 2-pent ene;

bet a- pi nene;

2- propanol ;
styrene;
t ol uene;

1,1, 2-trichl or oet hane;
trichl or of | uor onet hane;
1, 3,5-trimethyl benzene;
2,3, 4-trimet hyl pent ane;

2,4,4-trinmethyl -2-pentene;

1- undecene;
vinylidine chloride;

acetonitrile;
allyl chloride
benzyl chl ori de;
br onof orm
n- but ane;
1- but ene;
butyl acryl at e;
but yl al dehyde;
chl or odi f | uor onet hane;
chl or onet hane;
cycl ohexane;
cycl opent ene;
di br onochl or onet hane;
di chl or odi f | uor onet hane;
1, 1- di chl or oet hene;
trichl or of | uor onet hane;
di et hyl ether;
2, 3-di net hyl but ane;
2, 5-di net hyl hexane;
1, 4- di oxane;
et hyl benzene;
3- et hyl hexane;
hept anal ;
hexachl or o- 1, 3- but adi ene;
1- hexene;
ci s- 3- hexene;
i sobut ane;
i sohept ane;
i soprene;
met hane;
2- et hyl pent ane;
3- et hyl - 1- but ene;
2- et hyl - 2- pent ene;
ci s- 4-net hyl - 2- pent ene;
1- met hyl cycl ohexene;
et hyl ene chl ori de;
3- et hyl hexane;
napht hal ene;
n- nonane;
n-oct ane;
n- pent ane;
trans- 2- pent ene;
pr opane;
n- pr opyl benzene;
Tet rachl or oet hene;
1,2, 4-trichl orobenzene;
trichl or oet hene;
1,2, 3-trimethyl benzene;
2,2, 4-trimet hyl hexane;

2,2,5-trimethyl hexane 2,4, 4-

2,2,3-trimethyl pent ane;
vinyl acetate;
vinyl chloride.

conmpounds, the follow ng classes of VOC conpounds
were al so neasured and converted to em ssion factors:
Tot al sum of all

Al kanes (saturated hydrocarbos) = al kanes neasured in the sanple,
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i ncl udi ng non-target al kanes;

Total Al kenes (unsaturated hydrocarbons) = sumof all al kenes nmeasured in the sanple,
i ncl udi ng non-target al kenes and acetyl ene

Total Aronatics = sumof all aromatic conpounds neasured in the sanple, including non-
target aronatics;

Total Non-nethane Hydrocarbons (TNVHC) = sum of total al kanes, total al kenes, total
aromatics, and all other chromatographi c peaks which did not contain hal ogen conpounds;

Total Unidentified Hydrocarbons (TUHC) = sum of all chromatographi c peaks known to be
hydr ocar bon conpounds but not identified.

Met hod 8270 Anal ytes (H -Vol and PS-1 Sanpling Systens)

Acenapht hyl ene; acet ophenone; 2-acet yl mi nof | uor ene;

4- am nobi phenyl ; ani l i ne; ant hr acene;

benz(a)ant hracene; benz(a) pyrene; benzi di ne;

benzo(b) fl uorant hene; benzo(g, h, i) peryl ene; benzoi c aci d;

benzo(k) fl uorant hene; benzyl al cohol ; bi phenyl ;

br omophenyl phenyl et her; but yl benzyl pht hal at e; p- chl or oani | i ne;

chl or obenzi | at e; bi s(2-chl or oet hoxy) net hane; bi s(2-chl oroet hyl ) et her;

bi s(2-chl oroi sopropyl et her; 4-chl oro- 3- et hyl phenol ; 2- chl or onapht hal ene;

2- chl or ophenol ; 4- chl or ophenyl phenyl ether; chrysene;

di all at e; di benz(a, h) ant hr acene; di benzof ur an;

1, 2-di chl or obenzene; 1, 3-di chl or obenzene; 1, 4-di chl or obenzene;

3, 3' -di chl or obenzi di ne; 2, 4-di chl or ophenol ; 2, 6-di chl or ophenol ;

di et hyl pht hal at e; p- di net hyl ani noazobenzene; di met hyl benz(a) ant hracene; 3,3' -
di et hyl benzi di ne; di et hyl phenet hyl ani ne; 2, 4- di net hyl phenol ;

di et hyl pht hal at e; di - n- but yl pht hal at e; 1, 3-di ni t robenzene;

4, 6-di ni tro-2- et hyl phenol ; 2, 4-di ni trophenol ; 2,4-dinitrotol uene;

2, 6-di ni trotol uene; di - n-octyl pht hal at e; 1, 4- di phenyl ani ne;

1, 2 di phenyl hydr azi ne; bi s(2-et hyl hexyl ) pht hal | ate; N-nitrosodi phenyl ani ne;

et hyl net hanesul f onat e; f1 uor ant hene; fl uorene;

hexachl or obenzene; hexachl or obut adi ene; hexachl or ocycl opent adi ene;
hexachl or oet hane; hexachl or opr opene; i ndeno( 1, 2, 3-cd) pyr ene;

i sophor on; i sosafrol e; kepone;

et hapyri | ene; 3- et hyl chol ant hr ene; met hyl met hanesul f onat e;
2- et hyl napht hal ene; 2- et hyl phenol ; 4- net hyl phenol ;

3- et hyl phenol ; napht hal ene; 1, 4- napht hoqui none;
1- napht hyl am ne; 2- napht hyl ani ne; 2-nitroaniline;
3-nitroaniline; 4-nitroaniline; ni t robenzene;

5-ni tro-o-tol uidine; 2-ni trophenol ; 4- ni t rophenol ;

4-ni troqui nol i ne-1-oxi de; N-nitrosodiethyl ani ne; N-ni t rosodi et hyl am ne;
N-nitroso-di -n-butyl am ne; N-nitroso-di-n-propylanine; N nitrosonethylethylanine;
N-ni t rosonor phol i ne; N-ni t rosopi peri di ne; N-ni trosopyrrolidine;

pent achl or obenzene; pent achl or oet hane; pent achl or oni t r obenzene;
pent achl or ophenol ; peryl ene; phenaceti n;

phenant hr ene; phenol ; 2-picoline;

pr onam de; pyr ene; pyri di ne;

safrol e; 1,2,4,5-tetrachl orobenzene; 2,3, 4, 6-tetrachl orophenol ;
o-t ol ui di ne; 1,2, 4-trichl orobenzene; 2,4,5-trichl orophenol ;
2,4,6-trichl orophenol ; tri et hyl phosphor ot hi oat e; 1, 3,5-trinitrobenzene.

Energetic Target Anal ytes

Cctahydro-1, 3,5, 7-tetranitro-1, 3,5, 7-tetrazoci ne (HW); di benzof ur an;

hexahydro-1, 3,5-trinitro-1,3,5-triazine (RDX); 2, 6-di chl or ophenol ;

met hyl -2, 4, 5-trinitrophenylnitrani ne (TETRYL); 1, 3,5-trinitrobenzene;

2, 6 dichl or phenol ; 1, 3-di ni t robenzene;

ni t robenzene; 2-ni trodi phenyl am ne;
2,4,6-trinitrotoluene (TNT); 4-am no- 2, 6-di ni trot ol uene;
2- am no-4, 6-di ni trot ol uene; 2, 6-di ni trotol uene;
2,4-dinitrotol uene; 2- et hyl napht hal ene;

2-ni tronapht hal ene; napht hal ene;
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1-ni tropyrene; 2-ni trot ol uene;

4-nitrotol uene ; 3-ni trot ol uene;
nitroglycerin (NG ; ni troguani di ne (NQ ;
nitrocel | ul ose (NO); Benz( A) pyr ene;
pentaerythritol tetranitrate (PETN); benz(a)ant hracene;
phenol .

Pol ychl ori nat ed di benzo-p-furan Anal ytes (Furans)
Total chlorinated di benz-p-dioxin (TCDD);

Total pentachl orinated di benzo-p-di oxin (PeCDD);

Total hexachl ori nat ed di benzo- p-di oxin (HxCDD);

Total heptachl orinated di benzo-p-di oxin (HpCDD);

Cct achl ori nat ed di benzo- p-di oxin (OCDD);

2378- TCDD; 1234678- HpCDD.

Pol ychori nat ed di benzo-p-di oxin Anal ytes (D oxins)
Total tetrachlorinated di benzofurans (TCDF);

Total pentachl orinated di benzofurans (PeCDF);

Total hexachl ori nat ed di benzofurans (HxCDF);

Total heptachl orinated di benzof urans (HpCDF);

Cct achl ori nat ed di benzof uran ( OCDF) ;

2378- TCDF; 12378- PeCDF; 23478- PeCDF;
123478- HxCDF; 123678- HxCDF; 234678- HxCDF;
1234678- HpCDF; 1234789- HpCDF.
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Appendi x D
Em ssion Factors for Burns

SPECI AL NOTES:

The enission factors in this database apply to the open burning of
energetic materials in a burn pan. A value of 0.00E+00 neans that the
conmpound (anal yte) was either not detected, or, was detected at only the
background level. Values of 0.00E+00 were not used in calculating the
average (AVG emssion factors in the database. A blank cell neans that
either no sanple was collected or that the sanple collected was either

| ost or not valid.

ADDENDUM TO NOTES ON APPENDI CES D AND E.

The enission factors in these appendices are unitless. The user can
convert themto any nass units desired (e.g., granms conpound per gram
NEW. A value e-06 neans that the quantity in the nunerator is to be
multiplied by 10 to the -6 power. For exanple, 1.1e-06 could be witten
as either 1.1 x 10-5 g/g NEWor 1 mcrogran g NEW
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COMPOUND

EMISSION FACTORS

ITEM TRIAL 1 TRIAL 2 TRIAL 3 IAVERAGE [UNCORR
cis-2-Pentene diesel furel and dunnage 0.00e+00] 0.00e+00| 0.00e+00] 0.00e+00] 0.00e+00
cis-2-Pentene Manufacturer's waste - aluminized'propellant with diesel 3.80e-07] 3.10e-07 1.00e-06] 5.60e-07] 6.60e-07
cis-2-Pentene Propellant, ammonium perchlorate, aluminized 0.00e+00{ 0.00e+00] 0.00e+00| 0.00e+00] 0.00e+00
cis-2-Pentene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00} 0.00e+00] 0.00e+00] 0.00e+00
cis-2-Pentene Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
cis-2-Pentene Propellant, M-3 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
cis-2-Pentene Propellant, M-43 (USN) 9.10e-08 9.10e-08] 9.10e-08
cis-2-Pentene Propellant, M-9 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
cis-2-Pentene Propellant, MK-23 0.00e+00 0.00e+00§ 9.80e-08
cis-2-Pentene Propellant, M31AlEl 0.00e+00] 0.00e+00 0.00e+00f] 0.00e+00f 0.00e+00
cis-2-Pentene Propellant, PBXN-110 0.00e+00 0.00e+00] 1.00e-07
cis-2-Pentene Propellant, Smokey Sam 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
cis-2-Pentene Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00 0.00e+00§ 0.00e+00] 0.00e+00
i~-Butane Diesel fuel and dunnage 0.00e+00 1.20e-06 0.00e+00] 1.20e-06] 1.40e-06}
i-Butane Manufacturer's waste - aluminized propellant with diesel 2.30e-07 1.80e-06 2.10e-06 1.40e-06] 2.30e-06
i-Butane Propellant, ammonium perchlorate, aluminized 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
i-Butane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00
i-Butane Propellant, double base 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
i-Butane Propellant, M-3 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 2.80e-06
i-Butane Propellant, M-43 (USN) 0.00e+00 0.00e+00] 1.80e-07
i-Butane Propellant, M-9 4.30e-08 4.30e-08] 8.50e-08
i-Butane Propellant, MK-23 0.00e+00 0.00e+00| 2.00e-07
i-Butane Propellant, M31A1lEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
i-Butane |Propellant, PBXN-110 0.00e+00 0.00e+00] 2.00e-07
i-Butane Propellant, Smokey Sam 0.00e+00 0.00e+00] 7.80e-07
i-Butane Smokeless Powder (Hercules Unigque) 0.00e+00 0.00e+00f 9.60e-07
i-Butene lDiesel fuel and dunnage 0.00e+00] 1.70e-06] 2.30e-06{ 2.00e-06] 2.00e-06
i-Butene Manufacturer's waste - aluminized propellant with diesel 1.30e-05 2.10e-06] 2.60e-06] 5.80e-06] 5.80e-06
i-Butene Propellant, ammonium perchlorate, aluminized 1.00e-05 0.00e+00 1.00e-05| 1.00e-05
i-Butene Propellant, ammonium perchlorate, nonaluminized 0.00e+00 0.00e+00 0.00e+00] 0.00e+00§ 0.00e+00
i-Butene Propellant, double base 0.00e+00 0.00e+00] 0.00e+00} 0.00e+00] 0.00e+00
i-Butene Propellant, M-3 7.90e-07 0.00e+00] 0.00e+00] 7.90e-07] 8.00e-07
i-Butene Propellant, M-43 (USN) 5.40e-07 5.40e-07] 5.40e-07
i-Butene Propellant, M-9 2.60e-07 2.60e-07] 2.60e-07
i-Butene Propellant, MK-23 4.90e-07 4.90e-07] 4.90e-07
i-Butene Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00f 0.00e+00
i-Butene Propellant, PBXN-110 1.30e-06 1.30e-06] 1.30e-06
i-Butene Propellant, Smokey Sam 2.40e-06 2.40e-06] 2.40e-06
i-Butene Smokeless Powder (Hercules Unique) 9.60e-07 9.60e-07] 9.60e-07
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i-Pentane

Diesel fuel and dunnage 0.00e+00] 6.90e-06] 1.10e-05) 8.90e-06| 1.00e-05
i-Pentane Manufacturer's waste - aluminized propellant with diesel 0.00e+00] 0.00e+00} 2.30e-05 2.30e-05] 1.80e-05
i-Pentane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00
i-Pentane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00
i-Pentane Propellant, double base 0.00e+00] 0.00e+00§ 0.00e+00] 0.00e+00} 0.00e+00
i-Pentane Propellant, M-3 3.00e-08] 0.00e+00] 0.00e+00{ 3.00e-08| 1.80e-07
i-Pentane Propellant, M-43 (USN) 9.10e-08 9.10e-08| 3.60e-07
i-Pentane Propellant, M-9 0.00e+00 0.00e+00| 8.50e-08
i-Pentane Propellant, MK-23 0.00e+00 0.00e+00] 6.90e-07
i-Pentane Propellant, M31A1lEl 0.00e+00] 0.00e+00f 0.00e+00] 0.00e+00| 0.00e+00
i-Pentane Propellant, PBXN-110 0.00e+00 0.00e+00] 1.00e-06
i-Pentane Propellant, Smokey Sam 7.80e-07 7.80e-07| 2.70e-06
i-Pentane jSmokeless Powder (Hercules Unigque) 1.20e-06 1.20e-06] 3.80e-06
m-Ethyltoluene Diesel fuel and dunnage 1.10e-04] 1.40e-04] 1.40e-04f 1.30e-04] 4.60e-04
m-Ethyltoluene Manufacturer's waste - aluminized propellant with diesel 2.20e-06] 1.50e-06] 4.10e-06] 2.60e-06] 6.90e-05
m-Ethyltoluene Propellant, ammonium perchlorate, aluminized 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
m-Ethyltoluene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00f 0.00e+00] 0.00e+00] 0.00e+00
m-Ethyltoluene Propellant, double base 0.00e+00f 0.00e+00}] 0.00e+00f 0.00e+00] 0.00e+00
m-Ethyltoluene Propellant, M-3 5.00e-08 0.00e+00 1.40e-07 9.70e-08] 5.50e-07
m-Ethyltoluene Propellant, M-43 (USN) 0.00e+00 0.00e+00] 3.60e-07
m~Ethyltoluene Propellant, M-9 4.30e-08 4.30e-08] 6.00e-07
m-Ethyltoluene Propellant, MK-23 3.00e-07 3.00e-07] 9.80e-07
m-Ethyltoluene Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00f 0.00e+00
m-Ethyltoluene Propellant, PBXN-110 2.00e-07 2.00e-07f 7.00e-07
m-Ethyltoluene Propellant, Smokey Sam 2.00e-06 2.00e-06} 5.90e-06
m-Ethyltoluene Smokelesgs Powder (Hercules Unique) 0.00e+00 0.00e+00] 2.20e-06
n-Butane Diesel fuel and dunnage 1.30e-06f 6.80e-06] 5.70e-06] 4.60e-06] 5.40e-06
n-Butane Manufacturer's waste - aluminized propellant with diesel 5.50e-06] 2.40e-06 2.00e-05 9.30e-06| 1.80e-05
n-Butane Propellant, ammonium perchlorate, aluminized 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
n-Butane Propellant, ammonium perchlorate, nonaluminized 0.00e+00f 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Butane Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00
n-Butane Propellant, M-3 9.00e-08] 1.80e-07f 0.00e+00] 1.50e-07] 5.60e-07
n-Butane Propellant, M-43 (USN) 9.10e-08 9.10e-08}] 5.40e-07
n-Butane Propellant, M-9 4.30e-08 4.30e-08] 3.40e-07
n-Butane Propellant, MK-23 0.00e+00 0.00e+00] 5.90e-07
n-Butane Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00| 0.00e+00
n-Butane Propellant, PBXN-110 1.00e-07 1.00e-07] 6.00e-07
n-Butane Propellant, Smokey Sam 0.00e+00 0.00e+00] 2.70e-06
n-Butane Smokeless Powder (Hercules Unique) 4.80e-07 4.80e-07] 3.80e-06
n-Decane Diesel fuel and dunnage 1.50e-03] 0.00e+00] 2.00e-03 1.80e-03] 1.80e-03
n-Decane Manufacturer's waste - aluminized propellant with diesel 9.20e-06] 1.10e-05] 2.30e-05] 1.40e-05] 3.10e-05
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n-Decane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00{| 0.00e+00 0.00e+00| 0.00e+00
n-Decane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00 0.00e+00! 0.00e+00
n-Decane Propellant, double base 0.00e+00{ 0.00e+00{ 0.00e+00] 0.00e+00]| 0.00e+00
n-Decane Propellant, M-3 4.20e-07} 8.70e-07] 1.40e-07} 5.90e-07] 1.90e-06
n-Decane Propellant, M-43 (USN) 8.20e-07 8.20e-07] 3.70e-06
n-Decane Propellant, M-9 0.00e+00 0.00e+00} 1.30e-06
n-Decane Propellant, MK-23 0.00e+00 0.00e+00] 3.20e-06
n-Decane Propellant, M31A1lEl 0.00e+00] 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00
n-Decane Propellant, PBXN-110 1.30e-06 1.30e-06} 4.40e-06
n-Decane Propellant, Smokey Sam 5.90e-06 5.90e-06] 2.20e-05
n-Pecane Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00] 8.60e-06
n-Heptane Diesel fuel and dunnage 3.10e-05] 8.00e-05] 6.60e-05] 5.90e-05| 6.00e-05
n-Heptane Manufacturer's waste - aluminized propellant with diesel 3.50e-06] 2.40e-06] B.30e-06 4.70e-06] 7.30e-06
n-Heptane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Heptane Propellant, ammonium perchlorate, nonaluminized 0.00e+00) 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00
n-Heptane Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Heptane Propellant, M-3 2.70e-07 5.10e-07 9.40e-08 3.10e-07] 1.60e-06
n-Heptane Propellant, M-43 (USN) 9.10e-08 9.10e-08} 2.70e-07
n-Heptane Propellant, M-9 0.00e+00 0.00e+00] 1.10e-06
n-Heptane Propellant, MK-23 0.00e+00 0.00e+00] 4.90e-07
n-Heptane Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00
n-Heptane Propellant, PBXN-110 0.00e+00 i 0.00e+00] 8.00e-07
n-Heptane Propellant, Smokey Sam 2.00e-06 2.00e-06} 3.10e-06
n-Heptane Smokeless Powder (Hercules Unigue) 7.20e-07 7.20e-07] 1.20e-06
n-Hexane IDiesel fuel and dunnage 6.40e-06] 2.30e-05] 1.90e-0S 1.60e-05] 1.70e-05
n-Hexane JManufacturer's waste - aluminized propellant with diesel 2.70e-06] 1.50e-06} 6.70e-06] 3.70e-06| 5.70e-06
n-Hexane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Hexane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00
n-Hexane . " |pPropellant, double base 0.00e+00f 0.00e+00f 0.00e+00] 0.00e+00] 0.00e+00
n-Hexane Propellant, M-3 1.60e-05 1.40e-05] 4.90e-06 1.90e-05] 9.00e-05
n-Hexane Propellant, M-43 (USN) 9.10e-08 9.10e-08] 3.60e-07
n-Hexane Propellant, MK-23 0.00e+00 0.00e+00] 7.90e-07
n-Hexane Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Hexane Propellant, PBXN-110 0.00e+00 0.00e+00] 1.30e-06
n-Hexane Propellant, Smokey Sam 2.70e-06 2.70e-06] 3.90e-06
n-Hexane Smokeless Powder (Hercules Unique) 9.60e-07 9.60e-07] 2.20e-06
n-Nonane Diesel fuel and dunnage 8.00e-04 1.20e-03 1.10e-03 1.00e-03] 1.00e-03
n-Nonane Manufacturer's waste - aluminized propellant with diesel 1.10e-05] 7.60e-06] 2.10e-05 1.30e-05] 2.40e-05
n-Nonane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Nonane Propellant, ammonium perchlorate, nomaluminized 0.00e+00] 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00
n-Nonane Propellant, double base 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
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n-Nonane Propellant, M-3 7.80e-08] 1.40e-07| o0.00e+00] 1.20e-07] 2.30e-07
n-Nonane Propellant, M-43 (USN) 0.00e+00 0.00e+00]| 9.10e-08
n-Nonane Propellant, M-9 0.00e+00 0.00e+00] 1.70e-07
n-Nonane Propellant, MK-23 0.00e+00 0.00e+00] 2.00e-07
n-Nonane Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00] 0.00e+00
n-Nonane Propellant, PBXN-110 2.00e-07 2.00e-07] 5.00e-07
n-Nonane Propellant, Smokey Sam 1.20e-06 1.20e-06] 1.60e-06
n-Nonane Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00{ 4.80e-07
n-Octane Diesel fuel and dunnage 1.50e-04] 3.20e-04] 2.80e-04] 2.50e-04) 2.50e-04
n-Octane Manufacturer's waste - aluminized propellant with diesel 6.30e-06 4.20e-06 1.20e-05 7.60e-06] 1.30e-05
n-Octane Propellant, ammonium perchlorate, aluminized 0.00e+00f{ 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Octane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Octane Propellant, double base 0.00e+00] 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
n-Octane Propellant, M-3 2.90e-07] 6.40e-07] 1.90e-07] 4.30e-07f 1.60e-06
n-Octane Propellant, M-43 (USN) 9.10e-08 9.10e-08} 2.70e-07
n-Octane Propellant, M-9 0.00e+00 0.00e+00] 1.10e-06
n-Octane Propellant, MK-23 0.00e+00 0.00e+00] 2.00e-07
n-Octane Propellant, M31AlEl 0.00e+00{ 0.00e+00 0.00e+00 0.00e+00{ 0.00e+00
n-Octane Propellant, PBXN-110 0.00e+00f] 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00
n-Octane Propellant, Smokey Sam 1.20e-06 1.20e-06] 1.60e-06
n-Octane Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00} 4.80e-07
n-Pentane Diesel fuel and dunnage 2.00e-06] 1.30e-05§ 1.20e-05] 9.10e-06} 1.00e-05
n-Pentane Manufacturer's waste - aluminized propellant with diesel 2.60e-06 1.10e-06 9.00e-06 4.30e-06] 7.20e-06
n-Pentane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00} 0.00e+00 0.00e+00] 0.00e+00
n-Pentane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00f 0.00e+00 0.00e+00] 0.00e+00
n-Pentane Propellant, double base 0.00e+00f 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Pentane Propellant, M-3 5.30e-07f 1.50e-06{ 4.20e-07| 8.60e-07] 3.30e-06
n-Pentane Propellant, M-43 (USN) 0.00e+00 0.00e+00} 3.60e-07
n-Pentane Propellant, M-9 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
n-Pentane Propellant, MK-23 0.00e+00 0.00e+00] 7.90e-07
n-Pentane Propellant, M31AlEl 0.00e+00] 0.00e+00f 0.00e+00 0.00e+00] 0.00e+00
n-Pentane Propellant, PBXN-110 0.00e+00 0.00e+00] 1.10e-06
n-Pentane Propellant, Smokey Sam 7.80e-07 7.80e-07] 2.70e-06
n-Pentane Smokeless Powder (Hercules Unique) 9.60e-07 9.60e-07] 2.60e-06
p-Ethyltoluene Diesel fuel and dunnage 1.20e-04 1.70e-04 1.70e-04 1.50e-04] 1.60e-04
p-Ethyltoluene Manufacturer's waste - aluminized propellant with diesel 5.40e-06] 2.90e-06] 6.70e-06] 5.00e-06] 8.10e-06
p-Ethyltoluene Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00 0.00e+00 0.00e+00f 0.00e+00
p-Ethyltoluene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00] 0.00e+00
p-Ethyltoluene Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
p-Ethyltoluene Propellant, M-3 5.60e-07] 3.20e-07] 2.20e-06] 9.80e-07§ 2.10e-06
p-Ethyltoluene Propellant, M-43 (USN) 1.80e-07 1.80e-07] 9.10e-07

72




p-Ethyltoluene

Propellant, M-9

4.00e-06 4.00e-06] 5.50e-06
p-Ethyltoluene Propellant, MK-23 0.00e+00 0.00e+00] 1.10e-06
p-Ethyltoluene Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
p-Ethyltoluene Propellant, PBXN-110 3.00e-07 3.00e-07] 1.40e-06
p-Ethyltoluene Propellant, Smokey Sam 7.10e-06 7.10e-06| 1.10e-05
p-Ethyltoluene Smokeless Powder (Hercules Unigque) 4.80e-07 4.80e-07] 2.40e-06
p-Ethyltoluene Diesel fuel and dunnage 1.20e-04} 6.60e-06] 6.90e-07] 4.10e-05] 4.20e-05
p-Ethyltoluene JManufacturer's waste ~ aluminized propellant with diesel 2.00e-06] 2.00e-06 0.00e+00] 2.00e-06] 5.30e-06
p-Ethyltoluene Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00]| 0.00e+00 0.00e+00] 0.00e+00
p-Ethyltoluene Propellant, ammonium perchlorate, nonaluminized 0.00e+00 0.00e+00 0.00e+00 0.00e+00} 0.00e+00
p-Ethyltoluene Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00§ 0.00e+00] 0.00e+00
p-Ethyltoluene Propellant, M-3 0.00e+00] 2.00e-07] 2.80e-08] 3.70e-08] S.70e-07
p-Ethyltocluene Propellant, M-43 (USN) 0.00e+00 0.00e+00] 3.90e-07
p-Ethyltoluene Propellant, M-9 0.00e+00 0.00e+00] 7.20e-07
p-Ethyltoluene Propellant, MK-23 0.00e+00 0.00e+00] 4.20e-07
p-Ethyltoluene Propellant, M31Al1El 0.00e+00] 0.00e+00] 0.00e+00] 0©0.00e+00] 0.00e+00
p-Ethyltoluene Propellant, PBXN-110 4.30e-07 4.30e-07] 8.50e-07
p—Ethyltéluene Propellant, Smokey Sam 1.70e-06 1.70e-06] 3.30e-06
p-Ethyltoluene Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00] 1.00e-06
trans-2-Butene Diesel fuel and dunnage 3.60e-06 1.80e-06] 3.30e-06] 2.90e-06] 2.90e-06
trans-2-Butene Manufacturer's waste - aluminized propellant with diesel 2.70e-05 1.40e-05 2.10e-05 2.10e-05] 2.10e-0S
trans-2-Butene Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00f 0.00e+00
trans-2-Butene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00 0.00e+00f 0.00e+00
trans-2-Butene Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
trans-2-Butene Propellant, M-3 1.90e-07 0.00e+00] 0.00e+00 1.90e-07] 1.90e-07
trans-2-Butene Propellant, M-43 (USN) 1.80e-07 1.80e-07] 1.80e-07
trans-2-Butene Propellant, M-9 ) 0.00e+00 0.00e+00 0.00e+00 0.00e+00} 0.00e+00
trans-2-Butene Propellant, MK-23 2.00e-07 2.00e-07] 2.00e-07
trans-2-Butene Propellant, M31AlEl 0.00e+00] 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
trans-2-Butene Propellant, PBXN-110 4.00e-07 4.00e-07] 4.00e-07
trans-2-Butene Propellant, Smokey Sam 2.40e-06 2.40e-06] 2.40e-06
trans-2-Butene Smokeless Powder (Hercules Unique) 0.00e+00} 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
trans-2-Hexene Propellant, double base 0.00e+00 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00
trans-2-Hexene Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00] 0.00e+00
trans-2-Pentene Diesel fuel and dunnage 0.00e+00] 0.00e+00]| 1.10e-06 1.10e-06] 1.10e-06
trans-2-Pentene Manufacturer's waste - aluminized propellant with diesel 0.00e+00] 3.80e-07 1.50e-06 9.60e-07f 1.20e-06
trans-2-Pentene Propellant, ammonium perchlorate, aluminized 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
trans-2-Pentene Propellant, double base 0.00e+00f 0.00e+00f 0.00e+00] 0.00e+00] 0.00e+00
trans-2-Pentene Propellant, M-3 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
trans-2-Pentene Propellant, M-43 (USN) 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00
trans-2-Pentene Propellant, M-9 0.00e+00] 0.00e+00{ 0.00e+00{ 0.00e+00| 0.00e+00
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trans-~2-Pentene

Propellant, MK-23 0.00e+00 0.00e+00] 9.80e-08
trans-2-Pentene Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
trans-2-Pentene Propellant, PBXN-110 0.00e+00 0.00e+00] 2.00e-07
trans-2-Pentene Propellant, Smokey Sam 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
trans-2-Pentene Smokeless Powder (Hercules Unique) 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00{ 0.00e+00
Acetylene Diesel fuel and dunnage 1.20e-04] 7.30e-05] 9.10e-05§ 9.50e-05] 9.60e-05
Acetylene Manufacturer's waste - aluminized propellant with diesel 1.80e-03 1.30e-03 1.50e-03 1.60e-03] 1.60e-03
Acetylene Propellant, ammonium perchlorate, aluminized 1.00e-05f 0.00e+00 1.00e-05] 1.00e-05
Acetylene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00]| 0.00e+00] 0.00e+00
Acetylene Propellant, composite (MK-6) (Sandia) 2.10e-05 2.10e-05
Acetylene Propellant, double base 0.00e+00f 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00
Acetylene Propellant, double base (Sandia) 2.00e-04 2.00e-04
Acetylene Propellant, M-3 7.70e-06] 1.50e-05 1.90e-05 1.30e~-05] 7.90e-06
Acetylene Propellant, M-43 (USN) 5.90e-06 5.90e-06] 6.40e-06
Acetylene Propellant, M-9 9.00e-06 9.00e-061 9.20e-06
Acetylene Propellant, MK-23 5.50e-06 5.50e-06] 6.20e-06
Acetylene Propellant, M31AlEl 0.00e+00] .0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Acetylene Propellant, PBXN-110 3.10e-06 3.10e-06] 3.70e-06
Acetylene Propellant, Smokey Sam 8.30e-04 8.30e-04] 8.30e-04
Acetylene |Smokeless Powder (Hercules Unique) 1.20e-06 1.20e-06] 3.60e-06
Acenaphthalene Manufacturer's waste - aluminized propellant with diesel 1.10e-04 5.00e-04] 3.20e-04 1.60e-04] 0.00e+00
Aluminum Diesel fuel and dunnage 0.00e+00 0.00e+00 0.00e+00] 0.00e+00] 2.50e-06
Aluminum Manufacturer's waste - aluminized propellant with diesel 6.10e-03] 8.50e-03 9.30e-02] 3.60e-02] 3.60e-02
Aluminum Propellant, ammonium perchlorate, aluminized 9.40e-03 1.20e-02 1.10e-02] 1.10e-02
Aluminum Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00] 1.00e-05
Aluminum Propellant, composite (MK-6) (Sandia) 1.30e-03 1.30e-03
Aluminum Propellant, M-3 6.80e-07] 8.50e-07} 1.40e-05} 5.10e-06] 5.10e-06
Aluminum Propellant, M-9 0.00e+00] 0.00e+00} 0.00e+00] 0.00e+00{ 0.00e+00
Barium Diesel fuel and dunnage 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Barium Manufacturer's waste - aluminized propellant with diesel 1.60e-05] 2.00e-05] 2.20e-04] 8.60e-05] 8.90e-05
Barium Propellant, ammonium perchlorate, aluminized 1.00e-05] 1.00e-05 1.00e-05] 1.00e-05
Barium Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00fy 0.00e+00] 0.00e+00] 0.00e+00
Barium Propellant, composite (MK-6) (Sandia) 1.60e-06 1.60e-06
Barium Propellant, double base (Sandia) 0.00e+00 . 0.00e+00
Barium Propellant, M-3 0.00e+00 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00
Barium Propellant, M-9 0.00e+00] 0.00e+00 0.00e+00f 0.00e+00} 0.00e+00
Barium Propellant, M31AlE1l 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Benzene Diesel fuel and dunnage X 1.00e-04] 5.20e-05 8.10e-05{ 7.80e-05] 8.00e-05
Benzene Manufacturer's waste - aluminized propellant with diesel 6.40e-04f] 2.90e-04] 4.10e-04] 4.50e-04] 4.50e~-04
Benzene Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00
Benzene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00] 0.00e+00
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Benzene Propellant, composite (MK-6) (Sandia) 5.70e-05 5.70e-05

Benzene Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00
Benzene Propellant, double base (Sandia) 1.20e-04 1.20e-04

Benzene Propellant, M-3 6.40e-06] 1.10e-05] 1.40e-05] 1.00e-05] 7.70e-06
Benzene Propellant, M-43 (USN) 1.70e-06 1.70e-06] 2.30e-06
Benzene Propellant, M-9 3.20e-06 3.20e-06] 4.20e-06
Benzene Propellant, MK-23 0.00e+00 0.00e+00] 2.00e-06
Benzene Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Benzene Propellant, PBXN-110 4.90e-06 4.90e-06] 7.70e-06
Benzene Propellant, Smockey Sam 6.60e-05 6.60e-05] 7.00e-05
Benzene Smokeless Powder (Hercules Unique) 1.20e-06 1.20e-06] 3.10e-06
Carbon tetrachloride Diesel fuel and dunnage 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00} 4.90e-07
Carbon tetrachloride Manufacturer's waste - aluminized propellant with diesel 3.30e-06 6.30e-06] 7.30e-06] 5.60e-06} 6.00e-06
Carbon tetrachloride Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Carbon tetrachloride Propellant, ammonium perchlorate, nonaluminized 0.00e+00§ 0.00e+00] 0.00e+00] 0.00e+00]| 0.00e+00
Carbon tetrachloride Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Carbon tetrachloride Propellant, M-3 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Carbon tetrachloride Propellant, M-43 (USN) 0.00e+00 0.00e+00] 5.00e-07
Carbon tetrachloride Propellant, M-9 2.30e-07 2.30e-07] 2.30e-07
Carbon tetrachloride Propellant, MK-23 1.10e-06 1.10e-06] 1.60e-06
Carbon tetrachloride Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Carbon tetrachloride Propellant, PBXN-110 0.00e+00 0.00e+00} 5.50e-07
Carbon tetrachloride Propellant, Smokey Sam 0.00e+00 0.00e+00§ 2.20e-06
Carbon tetrachloride {Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00] 1.30e-06
Chloroform Diesel fuel and dunnage 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00
Chloroform JManufacturer's waste - aluminized propellant with diesel 2.20e-06] 2.40e-06] 2.30e-06] 2.30e-06] 2.50e-06
Chloroform Propellant, ammonium perchlorate;, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Chloroform Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00] 0.00e+00
Chloroform Propellant, double base 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Chloroform Propellant, M-3 0.00e+00§f 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Chloroform Propellant, M-43 (USN) 0.00e+00] 0.00e+00}] 0.00e+00| 0.00e+00] 0.00e+00
Chloroform Propellant, M-9 0.00e+00] 0.00e+00] 0.00e+00§ 0.00e+00{ 0.00e+00
Chloroform Propellant, MK-23 4.20e-07 4.20e-07] 4.20e-07
Chloroform Propellant, M31A1lEl 0.00e+00} 0.00e+00} 0.00e+00] 0.00e+00{ 0.00e+00
Chloroform Propellant, PBXN-110 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00
Chloroform Propellant, Smokey Sam 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00] 0.00e+00
Chloroform Smokeless Powder (Hercules Unique) 0.00e+00] 0.00e+00§ 0.00e+00] 0.00e+00f 0.00e+00
Chromium Diesel fuel and dunnage 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00
Chromium Manufacturer's waste - aluminized propellant with diesel 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00| 0.00e+00
Chromium Propellant, ammonium perchlorate, aluminized 1.00e-05f 1.00e-05 1.00e-05] 1.00e-05
Chromium Propellant, ammonium perchlorate, nonaluminized 1.00e-05] 1.00e-05 1.00e-05] 1.00e-05
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Chromium Propellant, composite (MK-6) (Sandia) 4.80e-05 4.80e-05

Chr omium Propellant, double base (Sandia) 0.00e+00 0.00e+00

Chromium Propellant, M-3 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Chromium Propellant, M-3 0.00e+00f 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Chromium Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00{ 0.00e+00f 0.00e+00
Ccl2 Manufacturer's waste - aluminized propellant with diesel 2.80e-04 1.50e-05f 1.60e-04 2.00e-04

cl2 Propellant, ammonium perchlorate, aluminized 5.00e-03] 4.20e-03 4.60e-03

cl2 Propellant, ammonium perchlorate, nonaluminized 1.10e-02] 8.20e-03 9.20e-03

Copper Diesel fuel and dunnage 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Copper Manufacturer's waste - aluminized propellant with diesel 1.50e-05] 0.00e+00] 0.00e+00] 1.50e-05| 1.90e-05
Copper Propellant, ammonium perchlorate, nonaluminized 5.00e-05] 1.00e-04 8.00e-05] 8.00e-05
Copper Propellant, double base 0.00e+00] 3.20e-04 1.60e-04}] 1.60e-04
Copper Propellant, double base (Sandia) 3.70e-02 3.70e-02

Copper Propellant, M-3 3.40e-06] 8.30e-06] 2.50e-06] 4.40e-06] 2.90e-05
Copper Propellant, M-9 6.50e-06 6.50e-06] 4.60e-05
Copper Propellant, M31AlEl 1.00e-05 1.00e-05
Cyclohexane Diesel fuel and dunnage 1.30e-05} 3.80e-05] 3.00e-05] 2.70e-05] 2.70e-05]
Cyclohexane Manufacturer's waste - aluminized propellant with diesel 1.70e-06 9.20e-07 3.30e-06 2.00e-06| 3.40e-06
Cyclohexane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00
Cyclchexane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Cyclohexane Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Cyclohexane Propellant, M-3 1.30e-07 1.40e-07 0.00e+00 1.50e-07| S5.00e-07
Cyclohexane Propellant, M-43 (USN) 9.10e-08 9.10e-08] 1.80e-07
Cyclohexane Propellant, M-9 0.00e+00 0.00e+00] 4.70e-07
Cyclohexane Propellant, MK-23 0.00e+00 0.00e+00] 3.90e-07
Cyclohexane Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00} 0.00e+00
Cyclohexane Propellant, PBXN-110 0.00e+00 0.00e+00] 8.00e-07
Cyclohexane Propellant, Smokey Sam 1.20e-06 1.20e-06] 2.00e-06
Cyclohexane Smokeless Powder (Hercules Unique) 4.80e-07 4.80e-07] 9.60e-07
Cyclopentane Diesel fuel and dunnage 0.00e+00] 1.50e-06] 1.40e-06] 1.50e-06] 1.50e-06
Cyclopentane jManufacturer's waste - aluminized propellant with diesel 1.50e-07] 7.60e-08] 5.40e-07] 2.50e-07] 4.30e-07
Cyclopentane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Cyclopentane Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Cyclopentane Propellant, M-3 0.00e+00§ 0.00e+00] 0.00e+00f 0.00e+00| 4.70e-08
Cyclopentane Propellant, M-43 (USN) 0.00e+00 0.00e+00] 9.10e-08
Cyclopentane Propellant, M-9 4.30e-08 4.30e-08} 8.50e-08
Cyclopentane Propellant, MK-23 0.00e+00 0.00e+00] 9.80e-08
Cyclopentane Propellant, M31AlEl 0.00e+00| 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Cyclopentane Propellant, PBXN-110 0.00e+00 0.00e+00} 2.00e-07
Cyclopentane Propellant, Smokey Sam 0.00e+00 0.00e+00] 3.90e-07
Cyclopentane Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+001 2.40e-07
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Cyclopentene Diesel fuel and dunnage 0.00e+00 0.00e+00] 0.00e+00f] 0.00e+00} 0.00e+00
Cyclopentene Manufacturer‘'s waste - aluminized propellant with diesel 9.80e-07] 7.60e-07] 1.10e-06] 9.40e-07] 9.40e-07
Cyclopentene Propellant, ammonium perchlorate, aluminized 0.00e+00} 0.00e+00{ 0.00e+00] 0.00e+00{ 0.00e+00
Cyclopentene Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00| 0.00e+00
Cyclopentene Propellant, M-3 0.00e+00] 0.00e+00{ 0.00e+00] 0.00e+00f 0.00e+00
Cyclopentene Propellant, M-43 (USN) 9.10e-08 9.10e-08] 9.10e-08
Cyclopentene Propellant, M-9 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00
Cyclopentene Propellant, MK-23 0.00e+00) 0.00e+00§{ 0.00e+00] 0.00e+00} 0.00e+00
Cyclopentene Propellant, M31AlEl 0.00e+00] 0.00e+00{ 0.00e+00] 0.00e+00] 0.00e+00
Cyclopentene Propellant, PBXN-110 1.00e-07 1.00e-07] 1.00e-07
Cyclopentene Propellant, Smokey Sam 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00
Cyclopentene Smokeless Powder (Hercules Unique) 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
co Diesel fuel and dunnage 7.40e-03] 4.70e-03] 6.00e-03] 6.00e-03
co Manufacturer's waste - aluminized propellant with diesel 2.20e-02 1.90e-02 1.90e~-02f 2.00e-02
co Propellant, ammonium perchlorate, aluminized 2.10e-03 3.50e-04 1.20e-03
co Propellant, ammonium perchlorate, nonaluminized 1.30e-04 1.50e-04 1.40e-04
co Propellant, composite (MK-6) (Sandia) 4.20e-03 4.20e-03
[of¢) Propellant, double base 1.50e-03] " 1.50e-03 1.50e-03
co Propellant, double base (Sandia) 9.50e-04 . 9.50e-04
co Propellant, M-3 1.60e-02] 1.60e-02] 1.80e-02] 1.40e-02
[os] Propellant, M-43 (USN) 6.60e-04 6.60e-04
Cco Propellant, M-9 2.70e-03 2.70e-03
co Propellant, MK-23 2.70e-04 2.70e-04
co Propellant, M31AlEl 1.40e-04] 1.10e-04] 1.30e-04] 1.30e-04
co Propellant, PBXN-110 1.20e-03 1.20e-03
CcO Propellant, Smokey Sam 7.20e-02 7.20e-02
co Smokeless Powder (Hercules Unique) 1.60e-03 1.60e-03
Co2 IDiesel fuel and dunnage 1.50e+00] 1.50e+00| 1.50e+00f 1.50e+00
co2 Manufacturer's waste - aluminized propellant with diesel 1.10e+00 1.10e+00 1.20e+00 1.10e+00
co2 Propellant, ammonium perchlorate, aluminized 3.10e-01] 3.20e-01 3.20e-01
co2 Propellant, ammonium perchlorate, nonaluminized 3.70e-01} 3.70e-01 3.70e-01
co2 Propellant, composite (MK-6) (Sandia) 4.20e-01 4.20e-01
Cco2 Propellant, double base 6.70e-01 6.70e-01 6.70e~01
Cco2 Propellant, double base (Sandia) 9,70e-01 9.70e-01
c02 Propellant, M-3 1.20e+00] 1.20e+00] 1.20e+00] 1.20e+00
co2 Propellant, M-43 (USN) 7.70e-01 7.70e-01
c02 Propellant, M-9 9.40e-01 9.40e-01
co2 Propellant, MK-23 5.40e-01 5.40e-01
co2 Propellant, M31AlEl 5.40e-01f 5.60e-01] 6.80e-01] 5.90e-01
co2 Propellant, PBXN-110 1.00e+00 1.00e+00
C02 Propellant, Smokey Sam _ 4.20e-01 4.20e-01
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Co2

Smokeless Powder (Hercules Unique) 8.70e-01 8.70e-01
Ethane Diesel fuel and dunnage 0.00e+00] 7.20e-06] 1.20e-05| 9.30e-06} 1.00e-05
Ethane Manufacturer's waste - aluminized propellant with diesel 1.80e-05] 3.80e-06] 6.90e-06] 9.50e-06] 1.00e-05
Ethane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Ethane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00] 0.00e+00
Ethane Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Ethane Propellant, M-3 1.10e-06] 1.20e-06] 2.80e-07] 1.30e-06] 1.50e-06
Ethane Propellant, M-43 (USN) 1.80e-07 1.80e-07] 1.50e-06
Ethane Propellant, M-9 5.60e-07 5.60e~-07] 1.40e-06
Ethane Propellant, MK-23 0.00e+00 0.00e+00] 9.80e-07
Ethane Propellant, M31AlEl 0.00e+00] 0.00e+00f 0.00e+00] 0.00e+00| 0.00e+00
Ethane Propellant, PBXN-110 1.00e-06 1.00e~06] 2.10e-06
Ethane Propellant, Smokey Sam 0.00e+00 0.00e+00] 5.50e-06
Ethane Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00] 2.60e-06
Ethylbenzene Diesel fuel and dunnage 4.30e-05] 6.20e-05] 6.10e-05] 5.50e-05] 5.70e-05
Ethylbenzene Manufacturer's waste - aluminized propellant with diesel 2.30e-06] 1.30e-06] 3.50e-06] 2.40e-06] 4.20e-06
Ethylbenzene Propellant, ammonium perchlorate, aluminized 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Ethylbenzene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00
Ethylbenzene Propellant, double base 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Ethylbenzene Propellant, M-3 3.00e-07 0.00e+00|] 1.40e-07] 2.60e-07] 1.00e-06
Ethylbenzene Propellant, M-43 (USN) 0.00e+00 0.00e+00} 3.60e-07
Ethylbenzene Propellant, M-9 0.00e+00 0.00e+00} 8.50e-07
Ethylbenzene Propellant, MK-23 0.00e+00 0.00e+00] 6.90e-07
Ethylbenzene Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Ethylbenzene Propellant, PBXN-110 8.00e-07 8.00e-07] 1.60e-06
Ethylbenzene Propellant, Smokey Sam 1.20e-06 1.20e-06] 2.70e-06
Ethylbenzene Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00] 1.20e-06
Ethylene Diesel fuel and dunnage 6.60e-05] 7.20e-05] 8.50e-05{4 7.40e-05] 7.50e-05
Ethylene Manufacturer's waste - aluminized propellant with diesel 3.10e-04] 1.60e-04}] 2.30e-04] 2.30e-04] 2.30e-04
Ethylene Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Ethylene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00]| 0.00e+00
Ethylene Propellant, double base 0.00e+00] 0.00e+00§ 0.00e+00] 0.00e+00] 0.00e+00
Ethylene Propellant, M-3 5.80e-06] 8.80e-06§ 3.30e-06] 7.80e-06] 5.90e-06
Ethylene Propellant, M-43 (USN) 4.80e-06 4.80e-06f 5.00e-06
Ethylene Propellant, M-9 6.50e-06 6.50e-06)] 6.60e-06
Ethylene Propellant, MK-23 9.80e-07 9.80e-07] 1.20e-06
Ethylene Propellant, M31A1El 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00
Ethylene Propellant, PBXN-110 6.70e-06 6.70e-06] 6.80e-06
Ethylene Propellant, Smokey Sam 7.20e-05 7.20e-05] 7.30e-05
Ethylene |Smokeless Powder (Hexrcules Unigque) 2.40e-07 2.40e-07] 1.40e-06
Fluoranthene [Manufacturer's waste - aluminized propellant with diesel 5.00e-05] 0.00e+00] 3.60e-04] 2.00e-04] 2.00e-04
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HC1 Propellant, ammonium perchlorate, aluminized 2.10e-01] 2.10e-01 2.10e-01] 2.10e-01
HC1 Propellant, ammonium perchlorate, nonaluminized 2.10e-01] 2.15e-01 2.15e-01] 2.15e-01
HC1 Propellant, composite (MK-6) (Sandia) 9.40e-02 9.40e-02

HC1 Propellant, M-43 (USN) 1.00e-03 1.00e-03] 1.00e-03
HC1 Propellant, MK-23 1.90e-03 1.90e-03] 1.90e-03
HC1 Propellant, PBXN-110 1.80e-04 1.80e-04] 1.80e-04
HC1 Propellant, Smokey Sam 2.90e-02 2.90e-02} 2.90e-02
HC1 Manufacturer's waste - aluminized propellant with diesel 8.50e-02] 7.70e-02 8.80e-02 8.30e-02

Lead Diesel fuel and dunnage 0.00e+00§ 0.00e+00§] 0.00e+00] 0.00e+00] 0.00e+00
Lead Manufacturer's waste - aluminized propellant with diesel 0.00e+00f 7.30e-0% 4.90e-04] 2.80e-04} 2.80e-04
Lead Propellant, ammonium perchlorate, aluminized 4.00e-05 4.00e-05] 4.00e-05
Lead Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Lead Propellant, double base 5.80e-03] 5.50e-03 5.60e-03f 5.60e-03
Lead Propellant, double base (Sandia) 1.30e-02 1.30e-02

Lead Propellant, M-3 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00] 0.00e+00
Lead Propellant, M-9 0.00e+00} 0.00e+00}] 0.00e+00] 0.00e+00f 0.00e+00
Methyl chloride Diesel fuel and dunnage 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00| 0.00e+00
Methyl chloride JManufacturer's waste - aluminized propellant with diesel 2.70e-05 1.40e-05 1.90e-05 2.00e-05] 2.00e-05
Methyl chloride Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00
Methyl chloride Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Methyl chloride Propellant, double base 0.00e+00] 0.00e+00 0.00e+00 0.00e+00} 0.00e+00
Methyl chloride Propellant, M-3 1.60e-07} 0.00e+00 1.10e-07 1.40e-07] 4.50e-07
Methyl chloride Propellant, M-43 (USN) 0.00e+00 0.00e+00] 1.60e-07
Methyl chloride Propellant, M-9 1.50e-07 1.50e-07f 3.10e-07
Methyl chloride Propellant, MK-23 7.10e-07 7.10e~07| 8.90e-07
Methyl chloride Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Methyl chloride Propellant, PBXN-110 1.80e-07 1.80e-07} 1.80e-07
Methyl chloride Propellant, Smokey Sam 5.70e-06 5.70e-06] 6.40e-06
Methyl chloride Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00} 4.30e-07
Methylcyclohexane IDiesel fuel and dunnage 8.40e-05] 2.10e-04] 1.70e-04] 1.60e-04] 1.60e-04
Methylcyclohexane Manufacturer's waste - aluminized propellant with diesel 7.30e-06] 4.40e-06 1.20e-05 8.00e-06] 1.40e-05
Methylcyclohexane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00§f 0.00e+00] 0.00e+00] 0.00e+00
Methylcyclohexane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00] 0.00e+00
Methylcyclohexane Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00 0.00e+00
Methylcyclohexane Propellant, M-3 9.90e-08) 0.00e+00] 4.70e-08] 5.80e-08] 4.30e-07
Methylcyclohexane Propellant, M-43 (USN) 0.00e+00 0.00e+00} 1.80e-07
Methylcyclohexane Propellant, M-9 0.00e+00 0.00e+00] 4.70e-07
Methylcyclohexane Propellant, MK-23 0.00e+00 0.00e+00] 3.90e-07
Methylcyclohexane Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Methylcyclohexane Propellant, PBXN-110 0.00e+00 0.00e+00] 5.00e-07
Methylcyclohexane Propellant . Smokey Sam 7.80e-07 7.80e-07} 1.60e-06
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Methylcyclohexane Smokeless Powder (Hercules Unique) 4.80e-07 4.80e-07] 9.60e-07
Methylcyclopentane Diesel fuel and dunnage 4.20e-06] 1.40e-05{ 1.10e-05] 9.90e-06] 1.00e-05
Methylcyclopentane Manufacturer's waste - aluminized propellant with diesel 7.60e-08] 3.80e-07] 2.70e-06] 1.10e-06] 2.00e-06
Methylcyclopentane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00§ 0.00e+00} 0.00e+00] 0.00e+00
Methylcyclopentane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00{ 0.00e+00] 0.00e+00§ 0.00e+00
Methylcyclopentane Propellant, double base 0.00e+00 0.00e+00 0.00e+00{ 0.00e+00| 0.00e+00
Methylcyclopentane Propellant, M-3 2.10e-06 2.00e-06 6.60e-07f 2.50e-06| 1.10e-05
Methylcyclopentane Propellant, M-43 (USN) 0.00e+00 0.00e+00] 1.80e-07
Methylcyclopentane Propellant, M-9 0.00e+00 0.00e+00] 1.70e-06
Methylcyclopentane Propellant, MK-23 0.00e+00 0.00e+00] 4.90e-07
Methylcyclopentane Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00§ 0.00e+00
Methylcyclopentane Propellant, PBXN-110 0.00e+00 0.00e+00} 7.00e-07
Methylcyclopentane Propellant, Smokey Sam 1.60e-06 1.60e-06] 2.00e-06
Methylcyclopentane Smokeless Powder (Hercules Unique) 7.20e-07 7.20e-07] 1.20e-06
Methylenechloride Diesel fuel and dunnage 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Methylenechloride Manufacturer's waste - aluminized propellant with diesel 1.50e-05] 9.80e-06§ 0.00e+00| 1.20e-05| 1.10e-05
Methylenechloride Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00§ 0.00e+00
Methylenechloride Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00
Methylenechloride Propellant, double base 0.00e+00 0.00e+00 0.00e+00] 0.00e+00]| 0.00e+00
Methylenechloride Propellant, M-3 5.60e-06f 0.00e+00] 5.20e-05] 2.30e-05] 5.80e-05
Methylenechloride Propellant, M-43 (USN) 0.00e+00 0.00e+00] 1.10e-06
Methylenechloride Propellant, M-9 0.00e+00 0.00e+00] 4.30e-05
Methylenechloride Propellant, MK-23 6.00e-07 6.00e~-07}§ 6.00e-07
Methylenechloride Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Methylenechloride Propellant, PBXN-110 0.00e+00 0.00e+00] 9.00e-07
Methylenechloride Propellant, Smokey Sam 1.20e-06 1.20e-06] 4.70e-06
Methylenechloride Ismokeless Powder (Hercules Unique) 7.20e-07 7.20e-07] 7.20e-07
NO Diesel fuel and dunnage 6.30e-04] 8.90e-04] 8.80e-04] 8.00e-04
NO Manufacturer's waste - aluminized propellant with diesel 9.30e-04 8.80e-04 1.20e-03 1.00e-03
NO Propellant, ammonium perchlorate, aluminized 2.20e-03 1.60e-03 1.90e-03
NO Propellant, ammonium perchlorate, nonaluminized 4.10e-03] 3.90e-03 4.00e-03
NO Propellant, composite (MK-6) (Sandia) 2.10e-03 2.10e-03
NO Propellant, double base 1.70e-03 1.70e-03 1.70e-03
NO Propellant, double base (Sandia) 2.40e-02 2.40e-02
NO Propellant, M-43 (USN) 6.30e-03 6.30e-03
NO Propellant, M31AlEl 1.10e-03] 1.20e-03]| 1.20e-03
NO Propellant, PBXN-110 2.60e-03 2.60e-03
NO Propellant, Smokey Sam 1.10e-02 1.10e-02
NO2 Diesel fuel and dunnage 0.00e+00] 5.10e-05] 3.20e-05|] 4.20e-05
NO2 Manufacturer's waste - aluminized propellant with diesel 4.40e-07 9.80e-06 9.70e-06 6.60e-06
NO2 Propellant, ammonium perchlorate, aluminized 2.10e-04] 7.00e-05 1.40e-04
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NO2

Propellant, ammonium perchlorate, nonaluminized 4.30e-03§ 4.70e-04 2.40e-03
NO2 Propellant, composite (MK-6) (Sandia) 1.00e-03 1.00e-03
NO2 Propellant, double base 9.00e-05 1.00e-04 1.00e-04
NO2 Propellant, double base (Sandja) . 2.80e-03 2.80e-03
NO2 Propellant, M-43 (USN) 4.70e-04 4.70e-04
No2 Propellant, M31AlEl 1.00e-04} 1.00e-04§ 1.00e-04
NO2 Propellant, PBXN-110 2.80e-04 2.80e-04
NO2 Propellant, Smokey Sam 2.70e-04 2.70e-04
OCDD Diesel fuel and dunnage 1.00e-11] 0.00e+00] 0.00e+00] 1.00e-11| 3.20e-11
OCDF Manufacturer's waste - aluminized propellant with diesel 4.00e-08 4.00e-08
Propane Diesel fuel and dunnage 1.40e-06] 2.20e-06] 3.10e-06] 2.20e-06| 2.50e-06
Propane |Manufacturer's waste - aluminized propellant with diesel 4.20e-06] 2.80e-06] 6.50e-06] 4.50e-06] 5.00e-06
Propane Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00}] 0.00e+00] 0.00e+00} 0.00e+00
Propane Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00
Propane Propellant, double base ) 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Propane Propellant, M-3 3.30e-07 5.10e-07] 5.20e-07 5.00e-07] 7.20e-07
Propane Propellant, M-43 (USN) 0.00e+00 0.00e+00] 9.10e-07
Propane Propellant, M-9 0.00e+00 0.00e+00] 3.40e-07
Propane Propellant, MK-23 4.90e-07 4.90e~07] 1.30e-06
Propane Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Propane Propellant, PBXN-110 3.00e-07 3.00e-07] 1.00e-06
Propane Propellant, Smokey Sam 1.60e-06 1.60e-06] 4.30e-06
Propane Smokeless Powder (Hercules Unique) 2.40e-07 2.40e-07] 3.40e-06
Propene Diesel fuel and dunnage 1.00e-05 1.30e-05] 1.60e-05 1.30e~-05] 1.30e-05
Propene Manufacturer's waste - aluminized propellant with diesel 2.50e-05] 2.10e-05] 3.20e-05] 2.60e-05] 2.60e-05
Propene Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00
Propene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00
Propene Propellant, double base 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Propene Propellant, M-3 1.40e-06 2.00e-06 2.10e-06 2.00e-06] 1.50e-06
Propene Propellant, M-43 (USN) 1.10e-06 1.10e-06] 1.20e-06
Propene Propellant, M-9 7.30e-07 7.30e-07] 8.10e-07
Propene Propellant, MK-23 1.70e-06 1.70e-06] 1.80e-06
Propene Propellant, PBXN-110 3.00e-06 3.00e-06] 3.10e-06
Propene Propellant, Smokey Sam 2.70e-06 2.70e~-06] 2.70e-06
Propene |smokeiess powder (Hercules Unique) 2.40e-07 2.40e-07] 7.20e-07
PM10 Diesel fuel and dunnage 4.70e-03] 4.90e-03] 6.80e-03] 5.40e-03
PM10 JManufacturer's waste - aluminized propellant with diesel 3.80e-01] 4.40e-01] 4.90e+00| 1.90e+00
PM10 Propellant, ammonium perchlorate, aluminized 4.10e-01] 4.30e-01 4.20e-01
PM10 Propellant, ammonium perchlorate, nonaluminized 1.10e-02] 1.80e-02 1.50e-02
PM10 Propellant, double base 1.90e-02] 1.90e-02 1.90e-~02
PM10 Propellant, M-3 8.80e-03] 8.70e-03] 8.20e-03] 8.60e-03
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PM10

Propellant, M-43 (USN) 1.20e-03 1.20e-03
PM10 Propellant, M-9 1.60e-02 1.60e-02
PM10 Propellant, MK-23 5.90e-02 5.90e-02
PM10 Propellant, M31AlEl 8.90e-01] 9.30e-01] 9.10e-01] 9.10e-01
PM10 Propellant, PBXN-110 4.90e-01 4.90e-01
PM10 Propellant, Smokey Sam 2.60e-01 2.60e-01
PM10 Smokeless Powder (Hercules Unique) 1.80e-03 1.80e-03
Styrene Diesel fuel and dunnage 0.00e+00f 0.00e+00] 0.00e+00f 0.00e+00] 0.00e+00
Styrene Manufacturer's waste - aluminized propellant with diesel 0.00e+00f 0.00e+00] 0.00e+00{ 0.00e+00] 0.00e+00
Styrene Propellant, ammonium perchleorate, aluminized 0.00e+00§ 0.00e+00] 0.00e+00{ 0.00e+00| 0.00e+00
Styrene Propellant, M-3 0.00e+00] 0.00e+00] 0.00e+00{ 0.00e+00] 0.00e+00
Styrene Propellant, M-43 (USN) 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Styrene Propellant, M-9 4.70e-07 4.70e-07] 4.70e-07
Styrene Propellant, MK-23 0.00e+00] 0.00e+00} 0.00e+00] 0.00e+00] 0.00e+00
Styrene Propellant, M31AlEl 0.00e+00 0.00e+00] 1.00e-05
Styrene Propellant, PBXN-110 0.00e+00] 0.00e+00] 0.00e+00}] 0.00e+00f 0.00e+00
Styrene Propellant, Smokey Sam 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
Styrene Smokeless Powder (Hercules Unique) 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
502 Diesel fuel and dunnage 2.10e-04] 7.90e-05] 2.80e-04] 1.90e-04
502 {Manufacturer's waste - aluminized propellant with diesel 8.60e-04 8.40e-04 8.80e-04] 8.60e-04
s02 Propellant, ammonium perchlorate, aluminized 6.00e-05 4.00e-05 5.00e-05
so2 Propellant, ammonium perchlorate, nonaluminized 1.10e-04 1.10e-04 1.10e-04
S02 Propellant, composite (MK-6) (Sandia) 1.10e-03 1.10e-03
S02 Propellant, double base 3.00e-05 2.00e-05 3.00e-05
S02 Propellant, double base (Sandia) 3.20e-03 3.20e-03
S02 Propellant, M-43 (USN) 1.20e-04 1.20e-04
S02 Propellant, M31AlEl 1.00e-03] 1.20e-03 1.20e-03
502 Propellant, PBXN-110 3.50e-04 3.50e-04
S02 Propellant, Smokey Sam 1.50e~-04 1.50e-04
S02 Smokeless Powder (Hexrcules Unique) 6.10e-04 6.10e-04
Tetrachloroethylene Diesel fuel and dunnage 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Tetrachloroethylene Manufacturer 's waste - aluminized propellant with diesel 0.00e+00] 1.60e-06] 1.80e-06] 1.70e-06] 1.70e-06
Tetrachloroethylene Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Tetrachloroethylene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00f 0.00e+00
Tetrachloroethylene Propellant, M-3 0.00e+00 0.00e+00 0.00e+00 0.00e+00} 0.00e+00
Tetrachloroethylene Propellant, M-43 (USN) 0.00e+00] 0.00e+00 0.00e+00] 0.00e+00] 0.00e+00
Tetrachloroethylene Propellant, M-9 0.00e+00] 0.00e+00}§ 0.00e+00f] 0.00e+00f 0.00e+00
Tetrachloroethylene Propellant, MK-23 0.00e+00 0.00e+00 0.00e+00f 0.00e+00] 0.00e+00
Tetrachloroethylene Propellant, PBXN-110 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Tetrachloroethylene Propellant, Smokey Sam 0.00e+00 0.00e+00 0.00e+00] 0.00e+00]| 0.00e+00
Tetrachloroethylene Smokeless Powder (Hercules Unigue) 0.00e+00] 0.00e+00f§ 0.00e+00] 0.00e+00] 0.00e+00
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Diesel fuel and dunnage

Toluene 8.00e-05] 1.50e-04] 1.40e-04| 1.20e-04] 1.30e-04
Toluene Manufacturer's waste - aluminized propellant with diesel 3.40e-05 1.50e-05] 3.40e-05 2.80e-05] 3.90e-0S
Toluene Propellant, ammonium perchlorate, aluminized 0.00e+00 0.00e+00] 1.00e-05
Toluene Propellant, ammonium perchlorate, nonaluminized 0.00e+00 0.00e+00] 1.00e-05
Toluene Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Toluene Propellant, M-3 1.80e-06] 2.00e-06] 8.90e-07] 1.80e-06}] 6.60e-06
Toluene Propellant, M-43 (USN) 5.40e-07 5.40e-07] 1.80e-06
Toluene Propellant, M-9 0.00e+00 0.00e+00] 5.40e-06
Toluene Propellant, MK-23 0.00e+00 0.00e+00] 2.90e-06
Toluene Propellant, M31AlEl 0.00e+00 0.00e+00] 3.00e-05
Toluene Propellant, PBXN-110 0.00e+00 0.00e+00] 4.50e~-06
Toluene Propellant, Smokey Sam 8.60e-06 8.60e-06] 1.50e-05
Toluene ]Smokeless Powder (Hercules Unique) 3.40e-06 3.40e-06] 7.40e-06
Total Alkanes (Paraffins) Diesel fuel and dunnage 2.70e-03] 3.90e-03f 3.90e-03] 3.50e-03] 3.50e-03
Total Alkanes {(Paraffins) Manufacturer's waste - aluminized propellant with diesel 9.40e-05] 5.80e-05] 2.30e-04] 1.30e-04] 2.30e-04
Total Alkanes (Paraffins) Propellant, ammonium perchlorate, aluminized 0.00e+00 0.00e+00] 2.00e-05
Total Alkanes (Paraffins) Propellant, ammonium perchlorate, nonaluminized 0.00e+00] .0.00e+00 0.00e+00§ 1.00e-05
Total Alkanes (Paraffins) Propellant, composite (MK-6) (Sandia) 5.90e-05 5.90e-05

Total Alkanes (Paraffins) Propellant, double base 0.00e+00 1.00e-05
Total Alkanes (Paraffins) Propellant, double base (Sandia) 2.20e-04 2.20e-04

Total Alkanes (Paraffins) Propellant, M-3 3.00e-05] 2.10e-05] 7.40e-06] 2.60e-05| 1.30e-04
Total Alkanes (Paraffins) Propellant, M-43 (USN) 5.40e-07 5.40e-07] 1.00e-05
Total Alkanes (Paraffins) Propellant, M-9 0.00e+00 0.00e+00] 2.30e-05
Total Alkanes (Paraffins) Propellant, MK-23 0.00e+00 0.00e+00] 1.40e-05
Total Alkanes (Paraffins) Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00} 0.00e+00
Total Alkanes (Paraffins) Propellant, PBXN-110 0.00e+00 ) 0.00e+00} 2.00e-05
Total Alkanes (Paraffins) Propellant, Smokey Sam 2.30e-05 2.30e-05} 7.20e-05
Total Alkanes (Paraffins) Smokeless Powder (Hercules Unique) 6.70e-06 6.70e-06] 4.20e-05
Total Alkenes (Olefins) Diesel fuel and dunnage 2.00e-04] 1.70e-04 2.10e-04 1.90e-04] 2.00e-04
Total Alkenes (Olefins) Manufacturer's waste - aluminized propellant with diesel 2.20e-03 1.50e-03 1.90e-03 1.90e-03] 1.90e-03
Total Alkenes (Olefins) Propellant, ammonium perchlorate, aluminized 3.00e-05] 1.00e-05 2.00e-05] 2.00e-05
Total Alkenes (Olefins) Propellant, ammonium perchlorate, nonaluminized 1.00e-05] 1.00e-05 1.00e-05] 1.00e-~05
Total Alkenes (Olefins) Propellant, composite (MK-6) (Sandia) 1.00e-04 1.00e-04

Total Alkenes (Olefins) Propellant, double base 0.00e+00] 1.00e-05 1.00e-05] 1.00e-05
Total Alkenes (Olefins) Propellant, double base (Sandia) 7.30e-04 7.30e-04

Total Alkenes (Olefins) Propellant, M-3 3.60e-05] 2.80e-05] 2.50e-05] 2.90e-05] 3.70e-0S5
Total Alkenes (Olefins) Propellant, M-43 (USN) 1.30e-05 1.30e-05] 1.40e-05
Total Alkenes (Olefins) Propellant, M-9 1.70e-05 1.70e-05] 1.80e-05
Total Alkenes (Olefins) Propellant, MK-23 1.10e-05 1.10e-05] 1.30e-05
Total Alkenes (Olefins) Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 1.00e-05
Total Alkenes (Olefins) Propellant, PBXN-110 1.60e-05 1.60e-05] 1.80e-05
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Diesel fuel and dunnage

Toluene 8.00e-05] 1.50e-04] 1.40e-04| 1.20e-04] 1.30e-04
Toluene Manufacturer's waste - aluminized propellant with diesel 3.40e-05 1.50e-05] 3.40e-05 2.80e-05] 3.90e-0S
Toluene Propellant, ammonium perchlorate, aluminized 0.00e+00 0.00e+00] 1.00e-05
Toluene Propellant, ammonium perchlorate, nonaluminized 0.00e+00 0.00e+00] 1.00e-05
Toluene Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
Toluene Propellant, M-3 1.80e-06] 2.00e-06] 8.90e-07] 1.80e-06}] 6.60e-06
Toluene Propellant, M-43 (USN) 5.40e-07 5.40e-07] 1.80e-06
Toluene Propellant, M-9 0.00e+00 0.00e+00] 5.40e-06
Toluene Propellant, MK-23 0.00e+00 0.00e+00] 2.90e-06
Toluene Propellant, M31AlEl 0.00e+00 0.00e+00] 3.00e-05
Toluene Propellant, PBXN-110 0.00e+00 0.00e+00] 4.50e~-06
Toluene Propellant, Smokey Sam 8.60e-06 8.60e-06] 1.50e-05
Toluene ]Smokeless Powder (Hercules Unique) 3.40e-06 3.40e-06] 7.40e-06
Total Alkanes (Paraffins) Diesel fuel and dunnage 2.70e-03] 3.90e-03f 3.90e-03] 3.50e-03] 3.50e-03
Total Alkanes {(Paraffins) Manufacturer's waste - aluminized propellant with diesel 9.40e-05] 5.80e-05] 2.30e-04] 1.30e-04] 2.30e-04
Total Alkanes (Paraffins) Propellant, ammonium perchlorate, aluminized 0.00e+00 0.00e+00] 2.00e-05
Total Alkanes (Paraffins) Propellant, ammonium perchlorate, nonaluminized 0.00e+00] .0.00e+00 0.00e+00§ 1.00e-05
Total Alkanes (Paraffins) Propellant, composite (MK-6) (Sandia) 5.90e-05 5.90e-05

Total Alkanes (Paraffins) Propellant, double base 0.00e+00 1.00e-05
Total Alkanes (Paraffins) Propellant, double base (Sandia) 2.20e-04 2.20e-04

Total Alkanes (Paraffins) Propellant, M-3 3.00e-05] 2.10e-05] 7.40e-06] 2.60e-05| 1.30e-04
Total Alkanes (Paraffins) Propellant, M-43 (USN) 5.40e-07 5.40e-07] 1.00e-05
Total Alkanes (Paraffins) Propellant, M-9 0.00e+00 0.00e+00] 2.30e-05
Total Alkanes (Paraffins) Propellant, MK-23 0.00e+00 0.00e+00] 1.40e-05
Total Alkanes (Paraffins) Propellant, M31AlEl 0.00e+00 0.00e+00 0.00e+00 0.00e+00} 0.00e+00
Total Alkanes (Paraffins) Propellant, PBXN-110 0.00e+00 ) 0.00e+00} 2.00e-05
Total Alkanes (Paraffins) Propellant, Smokey Sam 2.30e-05 2.30e-05} 7.20e-05
Total Alkanes (Paraffins) Smokeless Powder (Hercules Unique) 6.70e-06 6.70e-06] 4.20e-05
Total Alkenes (Olefins) Diesel fuel and dunnage 2.00e-04] 1.70e-04 2.10e-04 1.90e-04] 2.00e-04
Total Alkenes (Olefins) Manufacturer's waste - aluminized propellant with diesel 2.20e-03 1.50e-03 1.90e-03 1.90e-03] 1.90e-03
Total Alkenes (Olefins) Propellant, ammonium perchlorate, aluminized 3.00e-05] 1.00e-05 2.00e-05] 2.00e-05
Total Alkenes (Olefins) Propellant, ammonium perchlorate, nonaluminized 1.00e-05] 1.00e-05 1.00e-05] 1.00e-~05
Total Alkenes (Olefins) Propellant, composite (MK-6) (Sandia) 1.00e-04 1.00e-04

Total Alkenes (Olefins) Propellant, double base 0.00e+00] 1.00e-05 1.00e-05] 1.00e-05
Total Alkenes (Olefins) Propellant, double base (Sandia) 7.30e-04 7.30e-04

Total Alkenes (Olefins) Propellant, M-3 3.60e-05] 2.80e-05] 2.50e-05] 2.90e-05] 3.70e-0S5
Total Alkenes (Olefins) Propellant, M-43 (USN) 1.30e-05 1.30e-05] 1.40e-05
Total Alkenes (Olefins) Propellant, M-9 1.70e-05 1.70e-05] 1.80e-05
Total Alkenes (Olefins) Propellant, MK-23 1.10e-05 1.10e-05] 1.30e-05
Total Alkenes (Olefins) Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 1.00e-05
Total Alkenes (Olefins) Propellant, PBXN-110 1.60e-05 1.60e-05] 1.80e-05
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Total Alkenes (Olefins) Propellant, Smokey Sam 9.10e-04 9.10e-04] 9.20e-04
Total Alkenes (Olefins) Smokeless Powder (Hercules Unique) 2.20e-06 ) 2.20e-06] 7.40e-06
Total Aromatics Diesel fuel and dunnage 1.60e-03] 2.70e-03 .60e-03] 2.30e-03] 2.30e-03
Total Aromatics Manufacturer's waste - aluminized propellant with diesel 7.80e-04] 3.60e-04 .60e-04] 5.70e-04] 6.20e-04
Total Aromatics Propellant, ammonium perchlorate, aluminized 0.00e+00 2.00e-05
Total Aromatics Propellant, ammonium perchlorate, nonaluminized 0.00e+00} 0.00e+00 0.00e+00] 2.00e-05
Total Aromatics Propellant, composite (MK-6) (Sandia) 1.60e-04 1.60e-04

Total Aromatics Propellant, double base 0.00e+00f 0.00e+00 0.00e+00] 1.00e-05
Total Aromatics Propellant, double base (Sandia) 4.40e-04 4.40e-04

Total Aromatics Propellant, M-3 1.60e-05] 1.10e-05 .90e-05] 1.40e-05) 3.50e-05
Total Aromatics Propellant, M-43 (USN) 2.80e-06 2.80e-06] 1.30e-05
Total Aromatics Propellant, M-9 5.40e-06 5.40e-06] 2.70e-05
Total Aromatics Propellant, MK-23 0.00e+00 0.00e+00} 1.70e-05
Total Aromatics Propellant, M31AlEl 6.00e-05] 7.00e-05 .00e-05] 5.00e-05] 9.00e-0S5
Total Aromatics Propellant, PBXN-110 7.10e-06 7.10e-06] 2.80e-05
Total Aromatics Propellant, Smokey Sam 1.00e-04 1.00e-04] 1.50e-04
Total Aromatics Smokeless Powder (Hercules Unique) 6.20e-06 6.20e-06} 3.50e-05
Total Non-methane Hydrocarbons Diesel fuel and dunnage . 9.90e-03 1.30e-02 .30e-02 1.20e-02} 1.20e-02
Total Non-methane Hydrocarbons Manufacturer's waste - aluminized propellant with diesel 3.50e-03 2.20e-03 .10e-03 2.90e-03] 3.20e-03
Total Non-methane Hydrocarbons Propellant, ammonium perchlorate, aluminized 6.00e-05 3.00e-05 5.00e-05§ 1.10e-04
Total Non-methane Hydrocarbons Propellant, ammonium perchlorate, nonaluminized 5.00e~-05] 4.00e-05 4.00e-05] 7.00e-05
Total Non-methane Hydrocarbons Propellant, double base 1.00e-05 1.00e-05 1.00e-05] 4.00e-05
Total Non-methane Hydrocarbons Propellant, M-3 1.10e-04] 9.50e-05 .30e-05] 9.30e-0S) 3.00e-04
Total Non-methane Hydrocarbons Propellant, M-43 (USN) 4.10e-05 4.10e-05§ 1.10e-04
Total Non-methane Hydrocarbons Propellant, M-9 1.50e-05 1.50e-05] 1.30e-04
Total Non-methane Hydrocarbons Propellant, MK-23 0.00e+00 0.00e+00] 1.40e-04
Total Non-methane Hydrocarbons Propellant, M31AlEl 1.00e-04 9.00e-05 .20e-04 1.00e-04] 1.70e-04
Total Non-methane Hydrocarbons Propellant, PBXN-110 5.10e-05 5.10e-05] 1.80e-04
Total Non-methane Hydrocarbons Propellant, Smokey Sam 1.10e-03 1.10e-03} 1.60e-03
Total Non-methane Hydrocarbons Smokeless Powder (Hercules Unique) 0.00e+00 0.00e+00] 2.30e-04
Total Unidentified Hydrocarbons Diesel fuel and dunnage 5.50e-03 6.00e-03 .60e-03 6.00e-03] 6.20e-03
Total Unidentified Hydrocarbons Manufacturer's waste - aluminized propellant with diesel 4.10e-04] 2.30e-04 .20e-04] 3.50e-04] 4.70e-04
Total Unidentified Hydrocarbons Propellant, ammonium perchlorate, aluminized 2.00e-05 3.00e-05 2.50e-05] 4.00e-05
Total Unidentified Hydrocarbons Propellant, ammonium perchlorate, nonaluminized 3.00e-05] 2.00e-05 2,.50e-05{ 3.00e-05
Total Unidentified Hydrocarbons Propellant, double base 0.00e+00] 0.00e+00 0.00e+00] 1.00e-05
Total Unidentified Hydrocarbons Propellant, M-3 2.80e-05] 3.50e-05 .70e-06] 2.40e-05] 9.10e-05
Total Unidentified Hydrocarbons Propellant, M-43 (USN) 2.50e-05 2.50e-05} 7.40e-05
Total Unidentified Hydrocarbons Propellant, M-9 0.00e+00 0.00e+00] 5.80e-05
Total Unidentified Hydrocarbons Propellant, MK-23 2.90e-06 | 2.90e-06] 9.10e-05
Total Unidentified Hydrocarbons Propellant, M31AlEl 3.00e-05 1.00e-05 .00e~05§ 2.00e-05] 4.00e-05
Total Unidentified Hydrocarbons Propellant, PBXN-110 4.40e-05 4.40e-05{ 1.10e-04
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1-Hexene

Propellant, M-9

2.10e-07 2.10e-07] 2.10e-07
1-Hexene Propellant, MK-23 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
1-Hexene Propellant, M31AlEl 0.00e+00] 0.00e+00] 0.00e+00f 0.00e+00| 0.00e+00
1-Hexene Propellant, PBXN-110 0.00e+00} 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
1-Hexene Propellant, Smokey Sam 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
1-Hexene Smokeless Powder (Hercules Unique) 0.00e+00] 0.00e+00] 0.00e+00{ 0.00e+00} 0.00e+00
1-Pentene Diesel fuel and dunnage 0.00e+00] 1.70e-06] 0.00e+00] 1.70e-06] 1.80e-06
1-Pentene Manufacturer's waste - aluminized propellant with diesel 4.80e-06] 3.30e-06] 7.00e-06] 5.10e-06] 5.30e-06
1-Pentene Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00{ 0.00e+00
1-Pentene Propellant, ammonium perchlorate, nonaluminized 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00j 0.00e+00
1-Pentene Propellant, double base 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00
1-Pentene Propellant, M-3 1.60e-07] 0.00e+00]| 0.00e+00] 1.60e-07] 2.20e-07
1-Pentene Propellant, M-43 (USN) 9.10e-08 9.10e-08] 9.10e-08
1-Pentene Propellant, M-9 4.30e-08 4.30e-08] 8.50e-08
1-Pentene Propellant, MK-23 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00| 0.00e+00
1-Pentene Propellant, M31AlEl 0.00e+00] 0.00e+00} 0.00e+00] 0.00e+00f 0.00e+00
1-Pentene Propellant, PBXN-110 1.00e-07 1.00e-07] 2.00e-07
1-Pentene Propellant, Smokey Sam 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00} 0.00e+00
1-Pentene {Smokeless Powder (Hercules Unigue) 0.00e+00 0.00e+00 0.00e+00 0.00e+00] 0.00e+00
1,3-Butadiene lDiesel fuel and dunnage 0.00e+00} 1.30e-06] 9.80e-07] 1.20e-06} 1.20e-06
1,3-Butadiene Manufacturer's waste - aluminized propellant with diesel S.40e-06 4.20e-06] 2.40e-06] 4.00e-06] 4.00e-06
1, 3-Butadiene Propellant, ammonium perchlorate, aluminized 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00} 0.00e+00
1,3-Butadiene Propellant, M-3 0.00e+00 0.00e+00 0.00e+00 0.00e+00f 0.00e+00
1, 3-Butadiene Propellant, M-43 (USN) 9.10e-08 9.10e-08} 9.10e-08
1,3-Butadiene Propellant, M-9 0.00e+00f 0.00e+00] 0.00e+00] 0.00e+00{ 0.00e+00
1, 3-Butadiene Propellant, MK-23 2.00e-07 2.00e-07} 2.00e-07
1,3-Butadiene Propellant, PBXN-110. 5.00e-07 5.00e-07] 5.00e-07
1,3-Butadiene Propellant, Smokey Sam 1.20e-06 1.20e-06f 1.20e-06
1,3-Butadiene {Smokeless Powder (Hercules Unique) 0.00e+00] 0.00e+00] 0.00e+00] 0.00e+00} 0.00e+00
1234678-HpCDF IManufacturer ‘s waste - aluminized propellant with diesel 3.40e-08 3.40e-08
123478-HxCDF IManufacturer‘s waste - aluminized propellant with diesel 2.00e-08 2.10e-08
1234789-HpCDF IManufact:urer’s waste - aluminized propellant with diesel 7.90e-09 7.90e-09
123678 -HxCDF IManufacturer's waste - aluminized propellant with diesel 9.50e-09 9.50e-09
2-Chlorophenol lPropellant, ammonium perchlorate, nonaluminized 1.00e-05] 1.00e-05 1.00e-05] 1.00e-05
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Appendix E
Emission Factors for Detonations

SPECIAL NOTES:

The emission factors in this database apply primarily to unconfined, ground
level detonations of bulk and assembled energetic materials. They do not
apply confined or otherwise suppressed detonations, except for the emission
factors for the water-suppressed detonations of tritonal and amatol.

A value of 0.00E+00 means that the compound (analyte) was either not detected,
or, was detected at only the background level. Values of 0.00E+00 were not
used in calculating the average (AVG) emission factors in the database. A
blank cell means that either no sample was collected or that the sample
collected was either lost or not valid.
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COMPOUND ITEM EMISSION FACTORS
TRIAL 1 TRIAL 2 TRIAL 3 JAVERAGE [UNCORR
cis-2-Pentene jAmatol 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 }0.00e+00
cis-2-Pentene Amatol surrogate with water 6.30e-06 |1.10e-05 7.80e-06 [8.50e-06 {9.10e-06
cis-2-Pentene Cartridge, Impulse, ARD 446-1 7.80e-07 2.60e-07 5.00e-07 |]5.10e-07 8.70e-07
cis-2-Pentene Cartridge, Impulse, BBU-36/B 2.70e-07 ]2.80e-07 5.60e-07 [3.70e-07 |9.00e-07
cis-2-Pentene Cartridge, Impulse, MK 107 2.60e-07 2.60e-07 2.60e-07 |2.60e-07 2.60e-07
cis-2-Pentene Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 [0.00e+00
cis-2-Pentene Detonating train 5.80e-07 ]3.00e-07 3.00e-07 3.90e-07 9.10e-07
cis-2-Pentene Flare, IR Countermeasure M206 0.00e+00 0.00e+00 3.40e-07 ]3.40e-07 3.40e-07
cis-2-Pentene Fuze, Tail Bomb FMU-139% A/B 4.90e-07 |9.70e-07 4.80e-07 ]6.50e-07 |6.50e-07
cis-2-Pentene Fuze, Tail Bomb FMU-54 A/B 5.90e-07 }8.90e-07 0.00e+00 |7.40e-07 |9.30e-07
cis-2-Pentene Gas Generator, GGU-2/A 5.90e-07 1.20e-06 6.10e-07 7.90e-07 9.90e-07
cis-2-Pentene HBX surrogate 3.70e~07 4.10e-07 0.00e+00 ]3.90e-07 3.80e-~07
cis-2-Pentene |[Mine, Claymore, M18Al 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 [0.00e+00
cis-2-Pentene Signal, Illumination, Red Star AN-M43A2 3.50e-07 {13.50e-07 3.50e-07 }3.50e-07 [3.50e-07
cis-2-Pentene Signal, Illumination, Red Star M158 3.50e-07 3.50e-07 0.00e+00 [|3.50e-07 3.50e-07
cis-2-Pentene Tritonal surrogate 0.00e+00 0.00e+00 0.00e+00 [0.00e+00 |3.70e-07
cis-2-Pentene Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 ]0.00e+00 }3.60e-07
cis-2-Pentene Tritonal surrogate with water 2.30e-06 [3.70e-06 3.40e-06 [|3.10e-06 ]3.30e-06
cis-2-Pentene TNT (ACC1) 4.60e-07 0.00e+00 0.00e+00 ]4.60e-07 4.60e-07
cis-2-Pentene TNT (ACC2) 0.00e+00 10.00e+00 0.00e+00 }0.00e+00 |0.00e+00
cis-2-Pentene TdSE7 Adapter Booster 3.00e-06 ]2.40e-06 2.90e-06 ]12.70e-06 2.70e-06
cis-2-Pentene 20 mm HEI Cartridge 0.00e+00 {0.00e+00 6.80e-07 [6.80e-07 |6.80e-07
cis-2-Pentene 40 mm HEI Cartridge 8.30e-07 0.00e+00 0.00e+00 8.30e-07 3.30e-06
i-Butane lAmatol surrogate 7.50e-07 7.50e-07 3.70e-07 6.20e-07 6.20e-07
i-Butane lAmatol surrogate with water 6.70e-06 6.30e-~06 6.30e-06 6.40e-06 7.50e-06
i-Butane Cartridge, Impulse, ARD 446-1 0.00e+00 2.60e-07 2.50e-06 |1.40e-06 5.10e-06
i-Butane Cartridge, Impulse, BBU-36/B 0.00e+00 0.00e+00 0.00e+00 ]0.00e+00 1.10e-06
i-Butane Cartridge, Impulse, MK 107 0.00e+00 1.10e-06 0.00e+00 1.10e-06 1.90e-06
i-Butane Composition B surrogate 3.70e-07 3.70e-07 0.00e+00 3.70e-07 3.70e-07
i~Butane Detonating train 0.00e+00 }J0.00e+00 0.00e+00 ]0.00e+00 [|6.00e-06
i-Butane Flare, IR Countermeasure M206 6.60e-07 0.00e+00 0.00e+00 6.60e-07 5.00e-06
i-Butane lFuze, Tail Bomb FMU-139 A/B 2.00e-06 |3.90e-06 9.70e-07 }2.30e-06 13.90e-06
i-Butane IFuze, Tail Bomb FMU-54 A/B 3.00e-07 ]3.00e-07 0.00e+00 ]3.00e-07 ]3.70e-06
i-Butane IGas Generator, GGU-2/A 1.20e-06 ]5.90e-07 0.00e+00 }8.80e-07 |]9.50e-06
i-Butane IHBX surrogate 7.30e-07 ]0.00e+00 3.70e-07 |5.50e-07 ]9.20e-07
i-Butane IMine, Claymore, MI18Al 4.90e-07 9.80e-07 0.00e+00 |]7.30e-07 }2.40e-06
i-Butane Isignill Illumination, Red Star AN-M43A2 3.50e-07 ]3.50e-07 0.00e+00 13.50e-07 [3.10e-06
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i-Butane

Signal, Illumination, Red Star M158 2.10e-06 1.80e-06 6.90e-07 ]1.50e-06 |5.70e-06
i-Butane Tritonal surrogate 7.40e-07 0.00e+00 J 3.60e-07 ]5.50e-07 |5.50e-07
i-Butane Tritonal surrogate with calcium stearate 0.00e+00 7.30e-07 |7.30e-07 [|9.10e-07
i-Butane Tritonal surrogate with water 4.10e-06 ]4.40e-06 4.10e-06 |4.20e-06 J4.60e-06
i-Butane TNT (ACC1) 4.60e-07 §0.00e+00 0.00e+00 {4.60e-07 }4.60e-07
i-Butane TNT (ACC2) 0.00e+00 0.00e+00 [5.20e-06
i-Butane T45E7 Adapter Booster 0.00e+00 11.20e-06 ] 2.30e-06 [1.70e-06 [|3.50e-06
i-Butane 20 mm HEI Cartridge 7.00e-07 |1.40e-06 2.00e-06 [1.40e-06 |3.90e-06
i-Butane 40 mm HEI Cartridge 0.00e+00 ]0.00e+00 1.60e-06 ]1.60e-06 [|2.90e-06
i-Butene [Amatol surrogate 2.30e-06 ]0.00e+00 7.40e-07 ]1.50e-06 ]1.50e-06
i-Butene Amatol surrogate with water 1.50e-05 }3.10e-0S 1.30e-05 []2.00e-05 [2.00e-05
i-Butene Cartridge, Impulse, ARD 446-1 2.50e-05 {2.00e-05 2.20e-05 ]2.20e-05 [3.20e-05
i-Butene Cartridge, Impulse, BBU-36/B 2.00e-05 [2.10e-05 2.60e-05 [2.20e-05 [2.20e-05
i-Butene Cartridge, Impulse, MK 107 6.80e-06 []0.00e+00 2.90e-06 |4.90e-06 ]4.90e-06
i-Butene Composition B surrogate 3.70e-07 7.40e-07 1.80e-06 9.80e-07 9.80e-07
i-Butene Detonating train 1.00e-05 [3.10e-05 3.00e-05 |2.40e-05 {3.60e-05
i-Butene Flare, IR Countermeasure M206 2.30e-06 ]2.40e-06 2.70e-06 ]2.50e-06 [2.50e-06
i-Butene 'Fuze. Tail Bomb FMU-139 A/B 5.40e-06 ]5.30e-06 5.30e-06 }5.30e-06 [|5.50e-06
i-Butene IFuze, Tail Bomb FMU-54 A/B 4.40e-06 |5.60e-06 4.30e-06 {4.80e-06 [|4.80e-06
i-Butene lGas Generator, GGU-2/A 0.00e+00 ]2.90e-06 0.00e+00 §2.90e-06 ]2.90e-06
i-Butene IHBX surrogate 3.70e-06 ]2.50e-06 4.50e-06 ]3.50e-06 ]3.50e-06
i-Butene IMine, Claymore, M18A1 3.40e-06 [3.40e-06 4.20e-06 |3.70e-06 [|5.10e-06
i-Butene Isignal, Illumination, Red Star AN-M43A2 0.00e+00 ]2.80e-06 3.50e-06 §3.10e-06 |]3.30e-06
i-Butene Signal, Illumination, Red Star M158 0.00e+00 J0.00e+00 4.50e-06 }4.50e-06 |d4.50e-06
i-Butene Tritonal surrogate 3.00e-06 3.70e-07 7.30e-07 1.40e-06 1.40e-06
i-Butene Tritonal surrogate with calcium stearate 2.60e-06 1.50e-06 |2.00e-06 [|2.00e-06
i-Butene Tritonal surrogate with water 1.30e-05 0.00e+00 0.00e+00 ]1.30e-0S 1.30e-05
i-Butene TNT (ACC1) 3.70e-06 ]3.40e-06 3.80e-06 [}3.60e-06 ]3.60e-06
i-Butene TNT (ACC2) 1.50e-06 1.50e-06 ]1.50e-06
i-Butene T45E7 Adapter Booster 7.30e-05 8.20e-06 1.30e-05 3.10e-05 ]3.10e-05
i-Butene 20 mm HEI Cartridge 4.10e-05 ]9.40e-06 1.70e-05 ]2.20e-05 [|2.20e-05
i-Butene 40 mm HEI Cartridge 1.20e-05 ]9.00e-06 4.90e-06 |8.80e-06 [8.80e-06
i-Pentane |JAmatol surrogate 1.50e-06 [J1.50e-06 0.00e+00 [1.50e-06 {1.50e-06
i-Pentane [Amatol surrogate with water 1.50e-06 ]1.10e-05 5.60e-06 ]6.20e-06 [3.70e-05
i-Pentane Cartridge, Impulse, ARD 446-1 0.00e+00 [0.00e+00 0.00e+00 0.00e+00 1.90e-06
i-Pentane Cartridge, Impulse, BBU-36/B 0.00e+00 5.60e-07 1.40e-06 9.70e-07 4.10e-06
i-Pentane Cartridge, Impulse, MK 107 0.00e+00 |0.00e+00 0.00e+00 ]0.00e+00 1.20e-06
i-Pentane Composition B surrogate 3.70e-07 (0.00e+00 0.00e+00 §3.70e-07 |7.40e-07
i-Pentane Detonating train 0.00e+00 0.00e+00 0.00e+00 ]0.00e+00 4.10e-06
i-Pentane Jrlare, IR Countermeasure M206 0.00e+00 [3.40e-07 0.00e+00 ]3.40e-07 }2.10e-06
i-Pentane lFuze, Tail Bomb FMU-139 A/B 0.00e+00 J4.80e-07 0.00e+00 {4.80e-07 J1.10e-06
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i-Pentane

Fuze, Tail Bomb FMU-54 A/B
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2.70e-06 {0.00e+00 0.00e+00 []2.70e-06 ]1.00e-05
i-Pentane Gas Generator, GGU-2/A 0.00e+00 ]5.90e-07 0.00e+00 }5.90e-07 [1.10e-05
i-Pentane HBX surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 {1.70e-06
i-Pentane Mine, Claymore, M18Al 3.90e-06 ]0.00e+00 | 0.00e+00 |3.90e-06 |3.10e-06
i-Pentane ISignal, Illumination, Red Star AN-M43A2 3.50e-07 [0.00e+00 0.00e+00 |[3.50e-07 |5.80e-07
i-Pentane Signal, Illumination, Red Star M158 0.00e+00 ]0.00e+00 0.00e+00 (0.00e+00 }2.20e-06
i-Pentane Tritonal surrogate 0.00e+00 ]0.00e+00 | 0.00e+00 }0.00e+00 |4.10e-06
i-Pentane Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 }0.00e+00 ]4.20e-06
i-Pentane Tritonal surrogate with water 3.70e-07 |3.70e-07 3.70e-07 [|3.70e-07 14.70e-06
i-Pentane 'TNT (ACC1) 1.40e-06 ]0.00e+00 0.00e+00 |1.40e-06 [1.20e-06
i-Pentane TNT (ACC2) 7.40e-07 7.40e-07 ]1.50e-06
i-Pentane T4SE7 Adapter Booster 1.20e-06 §2.90e-06 1.40e-05 |6.20e-06 ]1.10e-05
i-Pentane 20 mm HEI Cartridge 0.00e+00 J1.10e-05 1.20e-05 [1.20e-05 ]1.50e-05
i-Pentane 40 mm HEI Cartridge 9.10e-06 10.00e+00 0.00e+00 {9.10e-06 {1.80e-05
i-Propylbenzene Amatol surrogate 0.00e+00 }0.00e+00 0.00e+00 {0.00e+00 10.00e+00
i-Propylbenzene Amatol surrogate with water 1.90e-06 |]3.20e-06 0.00e+00 12.50e-06 ]3.20e-06
i-Propylbenzene Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 0.00e+00 }]0.00e+00 ]7.50e-07
i-Propylbenzene Cartridge, Impulse, BBU-36/B 8.20e-07 11.10e-06 8.40e-07 ]9.20e-07 ]9.20e-07
i-Propylbenzene Cartridge, Impulse, MK 107 0.00e+00 |]0.00e+00 5.20e-07 |5.20e-07 ]5.20e-07
i-Propylbenzene Composition B surrogate 0.00e+00 J0.00e+00 0.00e+00 ]0.00e+00 |0.00e+00
i-Propylbenzene iDetonating train 0.00e+00 |]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
i-Propylbenzene IFlare, IR Countermeasure M206 0.00e+00 6.80e-07 1.00e-06 8.50e-07 8.50e-07
i-Propylbenzene IFuze, Tail Bomb FMU-139 A/B 0.00e+00 J0.00e+00 0.00e+00 [0.00e+00 ]0.00e+00
i-Propylbenzene IFuze, Tail Bomb FMU-54 A/B 0.00e+00 |3.00e-07 0.00e+00 }3.00e-07 |7.90e-07
i-Propylbenzene lGas Generator, GGU-2/A 1.20e-06 J0.00e+00 0.00e+00 |1.20e-06 |8.80e-07
i-Propylbenzene lHBx surrogate 7.30e-07 0.00e+00 3.70e-07 5.50e-07 1.50e-06
i-Propylbenzene lMine, Claymore, M18Al° 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
i-Propylbenzene Signal, Illumination, Red Star AN-M43A2 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
i-Propylbenzene Signal, Illumination, Red Star M158 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 ]0.00e+00
i-Propylbenzene Tritonal surrogate 7.40e-07 0.00e+00 1.10e-06 ]6.10e-07 ]1.70e-06
i-Propylbenzene Tritonal surrogate with calcium stearate 0.00e+00 7.30e-07 [7.30e~-07 §7.30e-07
i-Propylbenzene Tritonal surrogate with water 0.00e+00 J0.00e+00 1.10e-06 ]1.10e-06 [1.90e-06
i-Propylbenzene TNT (ACC1) 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 JO.00e+00
i-Propylbenzene TNT (ACC2) 0.00e+00 10.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
i-Propylbenzene T45E7 Adapter Booster 0.00e+00 [0.00e+00 0.00e+00 [0.00e+00 ]0.00e+00
i-Propylbenzene 20 mm HEI Cartridge 0.00e+00 ]0.00e+00 0.00e+00 {0.00e+00 [0.00e+00
i-Propylbenzene 40 mm HEI Cartridge 0.00e+00 0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
m-Ethyltoluene Amatol surrogate 0.00e+00 ]3.70e-07 0.00e+00 ]3.70e-07 1.50e-0S
m-Ethyltoluene jAmatol surrogate with water 1.50e-06 [1.90e-06 1.50e-06 [1.60e-06 ]3.80e-05
m-Ethyltoluene Cartridge, Impulse, ARD 446-1 5.20e-07 ]2.60e-07 7.50e-07 15.10e-07 3.00e-06
m-Ethyltoluene Cartridge, Impulse, BBU-36/B 1.10e-06 11.40e-06 5.60e-07 ]1.00e-06 [4.20e-06




m-Ethyltoluene Cartridge, Impulse, MK 107 0.00e+00 {7.90e-07 | 5.20e-07 |6.60e-07 }]1.20e-06
m-Ethyltoluene Composition B surrogate 0.00e+00 [3.70e-07 3.60e-07 ]3.70e-07 }1.90e-05
m-Ethyltoluene Detonating train 0.00e+00 |]3.00e-07 3.00e-07 ]3.00e-07 {3.20e-06
m-Ethyltoluene Flare, IR Countermeasure M206 3.30e-07 ]0.00e+00 3.40e-07 3.40e-07 7.90e-07
m-Ethyltoluene IFuze, Tail Bomb FMU-139 A/B 9.70e-07 ]9.70e-07 0.00e+00 |9.70e-07 }1.30e-06
m-Ethyltoluene Fuze, Tail Bomb FMU-54 A/B 3.00e-07 |3.00e-07 6.10e-07 |4.00e-07 1.30e-06
m-Ethyltoluene Gas Generator, GGU-2/A 0.00e+00 |5.90e-07 0.00e+00 [5.90e-07 }2.80e-06
m-Ethyltoluene HBX surrogate 0.00e+00 |0.00e+00 0.00e+00 ]0.00e+00 ]3.50e-05
m-Ethyltoluene Mine, Claymore, MI18Al 6.80e-06 [3.40e-06 6.60e-06 |5.60e~-06 |6.60e-06
m-Ethyltoluene Signal, Illumination, Red Star AN-M43A2 0.00e+00 |0.00e+00 0.00e+00 J0.00e+00 [5.80e-07
m-Ethyltoluene Signal, Illumination, Red Star M158 0.00e+00 ]0.00e+00 3.50e-07 ]3.50e-07 }8.10e-07
m-Ethyltoluene Tritonal surrogate 0.00e+00 |0.00e+00 0.00e+00 ]0.00e+00 |]4.20e-05
m~Ethyltoluene Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 }0.00e+00 |3.70e-05
m-Ethyltoluene Tritonal surrogate with water 1.50e-06 ]0.00e+00 7.50e-07 1.10e-06 ]4.70e-05
m-Ethyltoluene TNT (ACC1) 0.00e+00 4.80e-07 4.80e-07 4.80e-07 1.70e-06
m-Ethyltoluene TNT (ACC2) 0.00e+00 0.00e+00 }1.10e-06
m-Ethyltoluene T4SE7 Adapter Booster 1.80e-06 [|2.90e-06 2.90e-06 |2.50e-06 |2.50e-06
m-Ethyltoluene 20 mm HEI Cartridge 1.40e-06 §4.30e-06 5.40e-06 [3.70e-06 ]7.10e-06
m-Ethyltoluene 40 mm HEI Cartridge 0.00e+00 {0.00e+00 0.00e+00 ]0.00e+00 |4.80e-06
n-Butane Amatol surrogate 7.50e-07 17.50e-07 3.70e-07 |6.20e-07 (6.20e-07
n-Butane lamatol surrogate with water 3.80e-05 ]6.80e-05 4.90e-05 |5.20e-05 (6.30e-05
n-Butane Cartridge, Impulse, ARD 446-1 1.50e-06 ]2.30e-06 2.70e-06 ]2.20e-06 |4.80e-06
n-Butane Cartridge, Impulse, BBU-36/B 5.40e-06 ]3.60e-06 5.30e-06 [4.80e-06 [4.80e-06
n-Butane Cartridge, Impulse, MK 107 0.00e+00 |5.30e-07 7.90e-07 6.60e-07 ]3.10e-06
n-Butane Composition B surrogate 0.00e+00 0.00e+00 0.00e+00 0.00e+00 3.70e~-07
n-Butane Detonating train 3.80e-06 13.30e-06 2.10e-06 [3.10e-06 |1.00e-05
n-Butane JFlare, IR Countermeasure M206 3.30e-07 16.80e-07 6.80e-07 }5.70e-07 {5.10e-06
n-Butane JFuze, Tail Bomb FMU-139 A/B 9.70e-07 |1.90e-06 | 4.40e-06 ]2.40e-06 ]5.20e-06
n-Butane Il-"uze, Tail Bomb FMU-54 A/B 3.00e-06 (2.10e-06 0.00e+00 }2.50e-06 |1.90e-05
n-Butane IGas Generator, GGU-2/A 3.50e-06 (2.90e-06 0.00e+00 §3.20e-06 {3.50e-05
n-Butane IHBX surrogate 7.30e-07 [4.10e-07 3.70e-07 5.00e-07 18.90e-07
n-Butane hdine, Claymore, M18Al 2.90e-06 1.50e-06 9.40e-07 1.80e-06 6.60e-06
n-Butane Isignal, Illumination, Red Star AN-M43A2 2.80e-06 ]2.40e-06 1.40e-06 |2.20e-06 [4.10e-06
n-Butane Signal, Illumination, Red Star M158 3.50e~-07 ]2.10e-06 0.00e+00 |1.20e-06 }7.10e-06
n-Butane Tritonal surrogate 1,.90e-06 J0.00e+00 3.60e-07 11.30e-06 }1.40e-06
n-Butane Tritonal surrogate with calcium stearate 0.00e+00 3.60e-07 §3.60e-07 ]9.20e-07
n-Butane Tritonal surrogate with water B8.60e-06 ]1.80e-05 1.80e-05 [1.50e-05 [1.60e-05
n-Butane TNT (ACC1) 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [}1.30e-06
n-Butane TNT (ACC2) 0.00e+00 0.00e+00 ]7.40e-07
n-Butane T45E7 Adapter Booster 5.30e-06 §6.50e-06 1.60e-05 |]9.10e-06 |]1.60e-05
n-Butane 20 mm HEI Cartridge 2.10e-06 [7.20e-06 1.30e-05 7.40e-06 1.40e-05
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n-Butane 40 mm HEI Cartridge 1.70e-06 [8.20e-07 1.60e-06 |1.40e-06 [1.10e-05
n-Decane Amatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 " |3.70e-07
n-Decane Amatol surrogate with water 1.10e-06 ]1.30e-06 1.90e-06 [1.40e-06 |3.50e-06
n-Decane Cartridge, Impulse, ARD 446-1 2.60e-07 5.10e-07 2.50e-07 3.40e-07 8.70e-07
n-Decane Cartridge, Impulse, BBU-36/B 3.50e-06 [3.90e-06 5.30e-06 4.20e-06 ]9.10e-06
n-Decane Cartridge, Impulse, MX.107 2.60e-07 [2.60e-07 2,.60e-07 ]2.60e-07 ]6.40e-07
n-Decane Composition B surrogate 0.00e+00 ]0.00e+00 3.60e-07 3.60e-07 [4.90e-07
n-Decane Detonating train 0.00e+00 19.00e-07 3.00e-07 [6.00e-07 ]1.80e-06
n-Decane Flare, IR Countermeasure M206 3.30e-07 ]3.40e-07 3.40e-07 ]3.40e-07 [4.50e-07
n-Decane Fuze, Tail Bomb FMU-139 A/B 9.70e-07 ]9.70e-07 1.50e-06 (1.10e-06 |1.30e-06
n-Decane IFuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 }4.00e-07
n-Decane lGas Generator, GGU-2/A 5.90e-07 15.90e-07 6.10e-07 16.00e-07 [1.20e-06
n-Decane IHBX surrogate 3.70e-07 |0.00e+00 0.00e+00 [3.70e-07 |6.40e-07
n-bDecane IMine',' Claymore, M18Al 3.90e-06 ]1.00e-05 1.60e-05 11.00e-05 [1.30e-0S
n-Decane ISignal , Illumination, Red Star AN-M43Aa2 3.50e-07 {7.00e-07 0.00e+00 [5.20e-07 ]4.60e-07
n-Decane Signal, Xllumination, Red Star M158 7.00e-07 3.50e-07 6.90e-07 5.80e-07 8.10e-07
n-Decane Tritonal surrogate 0.00e+00 ]3.70e-07 3.60e-07 [3.70e-07 |6.10e-07
n-Decane Tritonal surrogate with calcium stearate 0.00e+00 3.60e-07 3.60e-07 5.50e-07
n-Decane Tritonal surrogate with water . ]0.00e+00 ]0.00e+00 1.10e-06 ]1.10e-06 1.70e-06
n-Decane TNT (ACC1) 0.00e+00 |0.00e+00 0.00e+00 J0.00e+00 [1.00e-05
n-Decane TNT (ACC2) 0.00e+00 0.00e+00 (3.70e-07
n-Decane T45E7 Adapter Booster 1.20e-06 [0.00e+00 0.00e+00 1.20e-06 ]1.40e-05
n-Decane 20 mm HEI Cartridge 4.90e-06 ]5.00e-06 9.50e-06 |6.50e-06 [2.90e-05
n-Decane 40 mm HEI Cartridge 5.00e-06 {2.50e-06 8.20e-06 5.20e-06 {4.20e-05
n-Heptane |JAmatol surrogate 1.10e-06 3.70e-07 7.40e-07 7.50e-07 1.60e-06
n-Heptane [Amatol surrogate with water 5.90e~06 |1.30e-05 7.40e-06 8.70e-06 ]1.20e-05
n-Heptane Cartridge, Impulse, ARD 446-1 1.50e-06 [1.50e-06 2.20e-06 |[1.80e-06 [4.30e-06
n-Heptane Cartridge, Impulse, BBU-36/B 1.60e-06 ]1.70e-06 1.10e-06 {1.50e-06 |4.70e-06
n-Heptane Cartridge, Impulse, MK 107 1.00e-06 ]1.10e-06 1.00e-06 |1.00e-06 [1.90e-06
n-Heptane Composition B surrogate 0.00e+00 [|3.70e-07 1.10e-06 7.30e~07 }1.20e-06
n-Heptane Detonating train 8.70e-07 1.50e-06 .| 1.80e-06 1.40e-06 [5.00e-06
n-Heptane |Flare, IR Countermeasure M206 3.30e-07 |3.40e-07 6.80e-07 [|4.50e-07 1.00e-06
n-Heptane lFuze, Tail Bomb FMU-139 A/B 4.90e-07 19.70e-07 4.80e-07 J6.50e-07 {1.10e-06
n-Heptane Fuze, Tail Bomb FMU-54 A/B 5.90e-07 }5.50e-07 0.00e+00 }5.90e-07 |1.50e-06
n-Heptane Gas Generator, GGU-2/A 5.90e-07 |5.90e-07 1.20e-06 [8.00e-07 [2.80e-06
n-Heptane HBX surrogate 7.30e-07 ]0.00e+00 3.70e-07 [|5.50e-07 {3.30e-06
n-Heptane Mine, Claymore, M18A1l 2.90e-06 ]3.40e-06 4.70e-06 [3.70e-06 [5.60e-06
n-Heptane Signal, Illumination, Red Star AN-M43A2 3.50e-07 }11.10e-06 3.50e-07 ]5.80e-07 [1.00e-06
n-Heptane Signal, Illumination, Red Star M158 1.10e-06 [|7.00e-07 1.00e-06 |9.30e-07 |1.60e-06
n-Heptane Tritonal surrogate 0.00e+00 ]0.00e+00 0.00e+00 [0.00e+00 [4.30e-06
n-Heptane Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 0.00e+00 [4.20e-06
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n-Heptane Tritonal surrogate with water 2.30e-06 }1.80e-06 5.60e-06 }3.20e-06 ]9.50e-06
n-Heptane TNT (ACC1) 4.60e-07 [1.40e-06 0.00e+00 }9.50e-07 |5.50e-06
n-Heptane TNT (ACC2) 3.70e-07 3.70e-07 |1.50e-06
n-Heptane T45E7 Adapter Booster 3.60e-06 |1.80e-06 4.60e-06 {3.30e-06 |8.00e-06
n-Heptane 20 mm HEI Cartridge 2.10e-06 |5.00e-06 8.90e-06 §5.30e-06 |1.50e-05
n-Heptane 40 mm HEI Cartridge 5.00e-06 ]0.00e+00 0.00e+00 }5.00e-06 |]2.20e-05
n-Hexane Amatol surrogate 0.00e+00 ]3.70e-07 7.40e-07 15.60e-07 19.90e-07
n-Hexane jAmatol surrogate with water 7.10e-06 |1.50e-05 1.10e-05 {1.10e-05 ]1.60e-05
n-Hexane Cartridge, Impulse, ARD 446-1 1.50e-06 ]1.50e-06 1.50e-06 |1.50e-06 [4.00e-06
n-Hexane Cartridge, Impulse, BBU-36/B 1.60e-06 1.40e-06 2.20e-06 1.70e~-06 5.40e-06
n-Hexane Cartridge, Impulse, MK 107 2.60e~-07 17.90e-07 5.20e-07 ]5.30e-07 |1.40e-06
n-Hexane Composition B surrogate 0.00e+00 {7.40e-07 3.60e-07 }5.50e-07 |1.20e-06
n-Hexane Detonating train 1.50e-06 [1.50e-06 2.40e-06 ]1.80e-06 |5.80e-06
n-Hexane JFlare, IR Countermeasure M206 6.60e-07 |6.80e-07 6.80e-07 |6.80e-07 |1.20e-06
n-Hexane IFuze, Tail Bomb FMU-139 A/B 4.90e-07 ]9.70e-07 4.80e-07 |6.50e-07 ]1.10e-06
n-Hexane IFuze, Tail Bomb FMU-54 A/B 3.00e-07 |]5.90e-07 0.00e+00 {4.40e-07 |1.30e-06
n-Hexane lGas Generator, GGU-2/A 1.20e-06 |1.20e-06 6.10e-07 |9.90e-07 [3.20e-06
n-Hexane IHBX surrogate 7.30e-07 |]0.00e+00 3.70e-07 |5.50e-07 }4.70e-06
n-Hexane IMine, Claymore, M18A1 2.00e-06 |1.50e-06 4.70e-07 [1.30e-06 [3.20e-06
n-Hexane lsignal, Illumination, Red Star AN-M43A2 6.90e-07 ]1.10e-06 6.90e-07 18.10e-07 ]1.30e-06
n-Hexane Isignal, Illumination, Red Star M158 1.40e-06 |]1.10e-06 6.90e-07 |]1.10e-06 ]1.90e-06
n-Hexane Tritonal surrogate 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 {7.00e-06
n-Hexane Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 J0.00e+00 6.80e-06
n-Hexane Tritonal surrogate with water 1.90e-06 J1.50e-06 4.50e-06 2.60e-06 1.30e-05
n-Hexane TNT (ACC1) 1.40e-06 |4.B0e-07 0.00e+00 ]9.30e-07 {3.30e-06
n-Hexane TNT (ACC2) 0.00e+00 0.00e+00 §1.10e-06
n-Hexane T4SE7 Adapter Booster 3.00e-06 }4.70e-06 9.80e-06 5.80e-06 9.90e-06
n-Hexane 20 mm HEI Cartridge 1.40e-06 }3.60e-06 5.40e-06 3.50e-06 1.30e-05
n-Hexane 40 mm HEI Cartridge 1.90e-05 [0.00e+00 0.00e+00 1.90e-05 [3.50e-0S
n-Nonane |JAmatol surrogate 3.70e-07 |3.70e-07 0.00e+00 3.70e-07 }3.70e-07
n-Nonane |Amatol surrogate with water 2.20e-06 [4.40e-06 3.00e-06 [3.20e-06 3.70e-06
n-Nonane Cartridge, Impulse, ARD 446-1 2.60e-07 |7.70e-07 7.50e-07 5.90e-07 1.40e-06
n-Nonane Cartridge, Impulse, BBU-36/B 2.70e-06 §3.60e-06 3.30e-06 3.20e-06 6.90e-06
n-Nonane Cartridge, Impulse, MK 107 0.00e+00 }§2.60e-07 7.90e-07 5.20e-07 9.60e-07
n-Nonane Composition B surrogate 2.20e-06 ]3.70e-07 0.00e+00 {1.30e-06 ]1.20e-06
n-Nonane Detonating train 5.80e-07 ]9.00e-07 9.00e-07 7.90e-07 ]2.00e-06
n-Nonane Flare, IR Countermeasure M206 6.60e-07 [|6.80e-07 6.80e-07 ]6.80e-07 (9.00e-0Q7
n-Nonane Fuze, Tail Bomb FMU-139 A/B 4.90e-07 ]4.80e-07 0.00e+00 ]4.90e-07 [7.30e-07
n-Nonane Fuze, Tail Bomb FMU-54 A/B 0.00e+00 }0.00e+00 1.20e-06 ]1.20e-06 |9.40e-07
n-Nonane Gas Generator, GGU-2/A 5.90e-07 ]5.90e-07 0.00e+00 }15.90e-07 |1,20e-06
n-Nonane HBX surrogate 0.00e+00 10.00e+00 0.00e+00 10.00e+00 [5.20e-07
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n-Nonane |Mine, claymore, M18a1 4.90e-07 11.50e-06 | 1.90e-06 §1.30e-06 |1.80e-06
n-Nonane lSignal, Illumination, Red Star AN-M43A2 1.00e-06 ]3.50e-07 0.00e+00 |[7.00e-07 |9.30e-07
n-Nonane Signal, Illumination, Red Star M158 1.10e-06 }]7.00e-07 1.00e-06 |]9.30e-07 |1.30e-06
n-Nonane Tritonal surrogate 3.40e-06 [0.00e+00 3.60e-07 ]1.20e-06 |1.60e-06
n-Nonane Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 ]0.00e+00 |5.50e-07
n-Nonane Tritonal surrogate with water 0.00e+00 ]7.30e-07 7.50e-07 ]7.40e-07 |1.50e-06
n-Nonane TNT (ACC1) 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 J]1.40e-06
n-Nonane 'TNT (ACC2) 0.00e+00 0.00e+00 {3.70e-07
n-~Nonane T4S5E7 Adapter Booster 1.80e-06 [5.90e-07 1.70e-06 ]1.40e-06 ]2.50e-06
n-Nonane 20 mm HEI Cartridge 7.00e-07 [0.00e+00 6.80e-07 |6.90e-07 3.60e-06
n-Nonane 40 mm HEI Cartridge 1.70e-06 1.70e-06 2.50e-06 |1.90e-06 4.80e-06
n-Octane jAmatol surrogate 0.00e+00 13.70e-07 3.70e-07 ]3.70e-07 6.20e-07
n-Octane jAmatol surrogate with water 3.30e-06 |7.00e-06 4.40e-06 ]4.90e-06 [5.80e-06
n-Octane Cartridge, Impulse, ARD 446-1 5.20e-07 [1.00e-06 0.00e+00 17.70e-07 ]1.40e-06
n-Octane Cartridge, Impulse, BBU-36/B 1.40e-06 {2.80e-07 1.90e-06 {1.20e-06 [4.00e-06
n-Octane Cartridge, Impulse, MK 107 5.30e-07 5.30e-07 2.60e-07 ]4.40e-07 7.70e-07
n-Octane Composition B surrogate 3.70e-07 |3.70e-07 3.60e-07 {3.70e-07 |7.40e-07
n-Octane Detonating train 0.00e+00 1.50e-06 0.00e+00 (1.50e~06 2.70e-06
n-Octane JFlare, IR Countermeasure M206 1.00e-06 |3.40e-07 0.00e+00 ]6.70e-07 ]7.80e-07
n-Octane lFuze, Tail Bomb FMU-139 A/B 4.90e-07 14.80e-07 0.00e+00 ]4.90e-07 |9.70e-07
n-Octane |Fuze, Tail Bomb FMU-54 A/B 3.00e-07 ]3.00e-07 6.10e-07 [4.00e-07 J1.10e-06
n-Octane Gas Generator, GGU-2/A 0.00e+00 {0.00e+00 1.20e-06 }1.20e-06 [1.80e-06
n-Octane {HBX surrogate 1.10e-06 [0.00e+00 3.70e-07 17.30e-07 |1.80e-06
n-Octane IHine, Claymore, M18Al 2.00e-06 |7.80e-06 1.20e-05 }7.20e-06 |9.10e-06
n-Octane Isignal, Illumipation, Red Star AN-M43A2 3.50e-07 }3.50e-07 0.00e+00 ]3.50e-07 }5.80e-07
n-Octane 'Signal, Illumination, Red Star M158 1.40e-06 1.10e-06 6.90e~07 ]1.10e-06 1.40e-06
n-Octane Tritonal surrogate 3.70e-07 ]0.00e+00 3.60e-07 []3.70e-07 ]1.70e-06
n-Octane Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 ]J0.00e+00 |1.50e-06
n-Octane Tritonal surrogate with water 1.50e-06 }1.50e-06 2.20e-06 ]1.70e-06 [3.70e-06
n-Octane TNT (ACC1) 0.00e+00 |2.90e-06 0.00e+00 [2.90e-06 [1.00e-05
n-Octane TNT (ACC2) 0.00e+00 0.00e+00 |7.40e-07
n-Octane T4S5E7 Adapter Booster 2.40e-06 ]0.00e+00 1.20e-06 [|1.80e-06 {8.80e-06
n-Octane 20 mm HEI Cartridge 4.90e-06 [7.90e-06 1.60e-05 [}9.50e-06 []2.50e-05
n-Octane 40 mm HEI Cartridge 2.50e-06 ]8.20e-07 7.40e-06 [3.60e-06 ]2.90e-05
n-Pentane IAmatol surrogate 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 6.20e-07
n-Pentane Amatol surrogate with water 1.30e-05 ]2.30e-05 1.50e-05 [|1.70e-05 [J2.40e-05
n-Pentane Cartridge, Impulse, ARD 446-1 7.80e-07 [1.30e-06 1.30e-06 (1.10e-06 [4.00e-06
n-Pentane Cartridge, Impulse, BBU-36/B 1.10e-06 J]1.10e-06 1.40e-06 [1.20e-06 |5.20e-06
n-Pentane Cartridge, Impulse, MK 107 0.00e+00 ]2.60e-07 2.60e-07 |2.60e-07 1.50e-06
n-Pentane Composition B surrogate 3.70e-07 {0.00e+00 3.60e-07 ]3.70e-07 }7.40e-07
[n-Pentane Detonating train 5.80e-07 ]1.20e-06 1.20e-06 11.00e-06 J6.10e-06
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n-Pentane Flare, IR Countermeasure M206 0.00e+00 |]6.80e-07 3.40e-07 |5.10e-07 [|1.50e-06
n-Pentane Fuze, Tail Bomb FMU-139 A/B 3.70e-07 ]1.50e-06 4.80e-07 ]9.70e-07 ]1.90e-06
n-Pentane [Fuze, Tail Bomb FMU-54 A/B 3.00e-07 |]5.90e-07 0.00e+00 [4.40e-07 }3.70e-06
n-Pentane Gas Generator, GGU-2/A 1.20e-06 [1.20e-06 0.00e+00 {1.20e-06 [4.80e-06
n-Pentane HBX surrogate 7.30e-07 }0.00e+00 7.40e-07 |]7.40e-07 [2.30e-06
n-Pentane Mine, Claymore, M18A1l 4.40e-06 |8.80e-06 1.40e-05 |]9.10e-06 {1.30e-05
n-Pentane }Signal, Illumination, Red Star AN-M43A2 3.50e-07 ]7.00e-07 6.90e-07 ]5.80e-07 ]1.20e-06
n-Pentane Signal, Illumination, Red Star M158 7.00e-07 §7.00e-07 3.50e-07 {5.80e-07 [|2.10e-06
n-Pentane Tritonal surrogate 0.00e+00 {§0.00e+00 7.30e-07 [7.30e-07 }3.80e-06
n-Pentane Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 0.00e+00 |3.30e-06
n-Pentane Tritonal surrogate with water 1.10e-06 ]0.00e+00 6.70e-06 ]3.90e-06 |5.50e-06
n-Pentane TNT (ACC1) 1.80e-06 |4.80e-06 0.00e+00 (3.30e-06 {1.10e-05
n-Pentane TNT (ACC2) 3.70e~07 3.70e-07 ]1.90e-06
n-Pentane T45E7 Adapter Booster 3.60e-06 [1.80e-06 9.80e-06 ]5.00e-06 ]1.60e-05
n-Pentane 20 mm HEI Cartridge 5.60e-06 |1.20e-05 2.20e-05 J]1.30e-05 [3.20e-0%
n-Pentane 40 mm HEI Cartridge 1.30e-05 ]0.00e+00 0.00e+00 1.30e-05 |]5.20e-05
p-Ethyltoluene [Amatol surrogate 0.00e+00 [6.00e-06 9.30e-06 |7.60e-06 {1.10e-05
p-Ethyltoluene jAmatol surrogate with water 2.00e-05 |4.00e-05 3.70e-05 ]3.20e-05 [3.80e-05
p-Ethyltoluene Cartridge, Impulse, BBU-36/B 4.90e-06 5.60e-07 1.40e-06 2.30e-06 [9.40e-06
p-Ethyltoluene Cartridge, Impulse, MK 107 0.00e+00 }0.00e+00 0.00e+00 0.00e+00 J0.00e+00
p-Ethyltoluene Composition B surrogate 7.40e-07 ]7.40e-07 1.50e-06 9.80e-07 |3.30e-06
p-Ethyltoluene Detonating train 8.70e-07 |1.50e-06 1.20e-06 (1.20e-06 ]8.20e-06
p-Ethyltoluene JFlare, IR Countermeasure M206 0.00e+00 ]3.40e-07 6.80e-07 ]5.10e-07 ]2.20e-06
p-Ethyltoluene IFuze, Tail Bomb FMU-139 A/B 2.00e-06 []4.80e-07 9.70e-07 {1.10e-06 [2.30e-06
p-Ethyltoluene JFuze, Tail Bomb FMU-54 A/B 5.90e-07 ]5.90e-07 4.60e-06 |1.90e-06 ]4.70e-06
p-Ethyltoluene Gas Generator, GGU-2/A 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 [6.80e-06
p-Ethyltoluene HBX surrogate 7.30e-07 0.00e+00 0.00e+00 7.30e-07 [5.50e-06
p-Ethyltoluene Mine, Claymore, M18Al 1.50e-05 7.30e-06 2.80e-05 1.70e-05 1.90e-0S
p-Ethyltoluene lSignal, Illumination, Red Star AN-M43A2 0.00e+00 ]7.00e-07 0.00e+00 |7.00e-07 {1.60e-06
p-Ethyltoluene Isignal , Illumination, Red Star M158 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 [1.70e-06
p-Ethyltoluene Tritonal surrogate 7.40e-06 {4.10e-06 1.50e-06 [4.30e-06 ]9.20e-06
p-Ethyltoluene Tritonal surrogate with calcium stearate 0.00e+00 7.30e-07 ]7.30e-07 [4.60e-06
p-Ethyltoluene Tritonal surrogate with water 3.90e-05 {[1.50e-05 2.80e-05 2.70e-05 ]3.40e-05
p-Ethyltoluene TNT (ACC1) 4.60e-07 [1.90e-06 0.00e+00 |]1.20e-06 [7.70e-06
p-Ethyltoluene TNT (ACC2) 0.00e+00 0.00e+00 ]2.60e-06
p-Ethyltoluene T4SE7 Adapter Booster 1.10e-05 ]9.40e-06 1.20e-05 ]1.10e-05 §1.10e-05
p-Ethyltoluene 20 mm HEI Cartridge 0.00e+00 [1.10e-05 1.60e-05 [1.40e-05 |2.60e-05
p-Ethyltoluene 40 mm HEI Cartridge 7.50e-06 4.10e-06 4.10e-06 5.20e-06 [2.60e-05
p-Ethyltoluene |Amatol surrogate 3.70e-07 ]0.00e+00 0.00e+00 J3.70e-07 [1.60e-06
p-Ethyltoluene Amatol surrogate with water 2.20e-06 ]2.20e-06 1.90e-06 [2.10e-06 [4.10e-06
|p-Ethyltoluene Cartridge, Impulse, ARD 446-1 1.10e-06 [1.10e-06 1.10e-06 ]1.10e-06_ ]4.20e-06




p-Ethyltoluene Cartridge, Impulse, BBU-36/B 2.30e-06 1.20e-06 1.20e-06 1.60e-06 [5.40e-06
p-Ethyltoluene Cartridge, Impulse, MK 107 0.00e+00 |1.10e-06 1.10e-06 ]1.10e-06 [1.10e-06
p-Ethyltoluene Composition B surrogate 7.40e-07 |3.70e-07 1.10e-06 []7.40e-07 [}2.60e-06
p-Ethyltoluene Detonating train 0.00e+00 ]0.00e+00 | 0.00e+00 [0.00e+00 [3.90e-06
p-Ethyltoluene Flare, IR Countermeasure M206 0.00e+00 |0.00e+00 0.00e+00 }0.00e+00 |1.50e-06
p-Ethyltoluene lFuze, Tail Bomb FMU-139 A/B 2.10e-06 |0.00e+00 0.00e+00 ]2.10e-06 [2.10e-06
p-Ethyltoluene Fuze, Tail Bomb FMU-54 A/B 1.30e-06 ]2.60e-06 1.30e-06 ]1.70e-06 [2.90e-06
p-Ethyltoluene Gas Generator, GGU-2/A 2.50e-06 5.10e-06 0.00e+00 3.80e-06 4.20e-06
p-Ethyltoluene HBX surrogate 3.70e-07 ]0.00e+00 7.40e-07 |5.60e-07 ]4.80e-06
p-Ethyltoluene Mine, Claymore, M18Al 4.20e-06 4.20e-06 ]4.20e-06
p-Ethyltoluene |Signal, Illumination, Red Star AN-M43A2 0.00e+00 ]1.50e-06 0.00e+00 ]1.50e-06 1.50e-06
p-Ethyltoluene Signal, Illumination, Red Star M158 0.00e+00 |]1.50e-06 0.00e+00 ]1.50e-06 [1.50e-06
p-Ethyltoluene Tritonal surrogate 0.00e+00 ]0.00e+00 3.60e-07 [|3.60e-07 |3.30e-06
p-Ethyltoluene Tritonal surrogate with calcium stearate 3.70e~-07 0.00e+00 }3.70e-07 |4.20e-06
p-Ethyltoluene Tritonal surrogate with water 1.10e-06 J0.00e+00 0.00e+00 ]1.10e-06 ]4.70e-06
p-Ethyltoluene 'TNT (ACC1) 0.00e+00 0.00e+00 [2.00e-06
p-Ethyltoluene TNT (ACC2) 0.00e+00 0.00e+00 |1.60e-06
p-Ethyltoluene T45E7 Adapter Booster 0.00e+00 10.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
p-Ethyltoluene 20 mm HEI Cartridge 0.00e+00 0.00e+00 ]4.10e-06
p-Ethyltoluene 40 mm HEI Cartridge 0.00e+00 0.00e+00 ]9.50e-06
trans-2-Butene [Amatol surrogate 0.00e+00 ]0.00e+00 1.50e-06 ]1.50e-06 1.50e-06
trans-2-Butene Amatol surrogate with water 2.40e-05 ]4.60e-05 3.40e-05 ]3.50e-05 [3.50e-0S
trans-2-Butene Cartridge, Impulse, ARD 446-1 1.00e-05 |[7.70e-06 7.20e-06 |8.30e-06 8.30e-06
trans-2-Butene Cartridge, Impulse, BBU-36/B 0.00e+00 JO.00e+00 0.00e+00 |]0.00e+00 [0.00e+00
trans-2-Butene Cartridge, Impulse, MK 107 1.00e-05 }8.20e-06 7.10e-06 []8.40e-06 ]68.40e-06
trans-2-Butene Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 jO0.00e+00 J0.00e+00
trans-2-Butene |JDetonating train 4.70e-06 ]2.70e-06 4.80e-06 [4.00e-06 |4.00e-06
trans-2-Butene IFlate, IR Countermeasure M206 3.00e-06 |2.70e-06 2.70e-06 ]2.80e-06 |2.80e-06
trans-2-Butene 'Fuze, Tail Bomb FMU-139 A/B 1.20e-05 {1.30e-05 1.40e-05 ]1.30e-05 ]1.30e-05
trans-2-Butene Fuze, Tail Bomb FMU-54 A/B 5.90e-06 §9.50e-06 7.90e-06 |7.80e-06 ]1.10e-05
trans-2-Butene Gas Generator, GGU-2/A 1.40e-05 ]1.50e-05 1.60e-05 ]1.50e-05 []1.50e-05
trans-2-Butene JHBX surrogate 4.00e-06 |2.50e-06 7.10e-06 }4.50e-06 [4.50e-06
trans-2-Butene [Mine, Claymore, M18Al 1.50e-05 ]1.90e-05 2.10e-05 |1.80e-05 1.80e-05
trans-2-Butene Isignal , Illumination, Red Star AN-M43A2 6.90e-06 ]9.10e-06 7.30e-06 17.80e-06 |7.80e-06
trans-2-Butene Signal, Illumination, Red Star M158 5.30e-06 16.00e-06 4.80e-06 ]5.40e-06 ]5.40e-06
trans-2-Butene Tritonal surrogate 0.00e+00 §1.90e-06 1.10e-06 ]1.50e-06 [1.50e-06
trans-2-Butene Tritonal surrogate with calcium stearate 2.90e-06 7.30e-07 ]1.80e-06 ]1.80e-06
trans-2-Butene Tritonal surrogate with water 4.10e-05 ]2.80e-05 4.60e-05 [3.80e-05 [3.80e-05
trans-2-Butene TNT (ACCl) 9.20e-07 ]9.60e-07 9.60e-07 ]9.50e-07 []9.50e-07
trans-2-Butene TNT (ACC2) 7.40e-07 . 7.40e-07 |7.40e-07
trans-2-Butene T45E7 Adapter Booster 2.60e-05 |1.80e-0S5 1.60e-05 ]2.00e-05 }2.00e-05
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trans-2-Butene

20 mm HEI Cartridge 1.10e-05 }7.20e-06 [ 1.00e-05 ]9.50e-06 [9.50e-06
trans-2-Butene 40 mm HEI Cartridge 2.50e-06 #1.70e-06 | 1.60e-06 ]1.90e-06 {1.90e-06
trans-2-Pentene Amatol surrogate 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
trans-2-Pentene Amatol surrogate with water 8.50e-06 {1.70e-05 1.20e-05 ]1.20e-05 |1.30e-05
trans-2-Pentene Cartridge, Impulse, ARD 446-1 5.20e-07 |7.70e-07 5.00e-07 }6.00e-07 [1.20e-06
trans-2-Pentene Cartridge, Impulse, BBU-36/B 8.20e-07 |5.60e-07 5.60e-07 ]6.40e-07 {1.40e-06
trans-2-Pentene Cartridge, Impulse, MK 107 2.60e-07 ]2.60e-07 2.60e-07 ]2.60e-07 ]2.60e-07
trans-2-Pentene Composition B surrogate 0.00e+00 10.00e+00 ] 0.00e+00 J0.00e+00 [0.00e+00
trans-2-Pentene Detonating train 1.50e-06 19.00e-07 | 3.00e-07 {8.80e-07 ]2.00e-06
trans-2-Pentene Flare, IR Countermeasure M206" 0.00e+00 {0.00e+00 0.00e+00 ]0.00e+00 [3.40e-07
trans-2-Pentene Fuze, Tail Bomb FMU-139 A/B 9.70e-07 [3.90e-06 9.70e-07 ]1.90e-06 |1.90e-06
trans-2-Pentene Fuze, Tail Bomb FMU-54 A/B 5.90e-07 |1.20e-06 9.20e-07 ]9.00e-07 [1.60e-06
trans-2-Pentene lGas Generator, GGU-2/A 2.40e-06 ]1.20e-06 6.10e-07 11.40e-06 |2.00e-06
trans-2-Pentene ]HBX surrogate 3.70e-07 ]0.00e+00 0.00e+00 13.70e-07 |3.80e-07
trans-2-Pentene IMine, Claymore, M18Al 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |0.00e+00
trans-2-Pentene Signal, Illumination, Red Star AN-M43A2 3.50e-07 [7.00e-07 3.50e-07 14.60e-07 ]4.60e-07
trans-2-Pentene Signal, Illumination, Red Star M158 7.00e-07 ]1.40e-06 3.50e-07 ]18.20e-07 ]9.30e-07
trans-2-Pentene Tritonal surrogate 3.70e-07 3.70e-07 0.00e+00 ]3.70e-07 8.60e-07
trans-2-Pentene Tritonal surrogate with calcium stearate 0.00e+00 3.60e-07 3.60e-07 7.30e-07
trans-2-Pentene Tritonal surrogate with water 2.30e-06. 13.30e-06 3.70e-06 3.10e-06 ]3.60e-06
trans-2-Pentene TNT (ACC1) 4.60e-07 0.00e+00 0.00e+00 {4.60e-07 4.60e-07
trans-2-Pentene TNT (ACC2) 0.00e+00 ]0.00e+00 0.00e+00 {0.00e+00 [0.00e+00
trans-2-Pentene T45E7 Adapter Booster 4.20e-06 4.10e-06 4.00e-06 4.10e-06 J4.10e-06
trans-2-Pentene 20 mm HEI Cartridge 0.00e+00 |1.40e-06 1.40e-06 [1.40e-06 |1.40e-06
trans-2-Pentene 40 mm HEI Cartridge 5.00e-06 ]0.00e+00 0.00e+00 ]5.00e-06 |1.10e-05
Acetylene |JAmatol surrogate 1.90e-04 ]4.60e-05 5.40e-05 ]9.60e-05 |9.70e-05
Acetylene |Amatol surrogate with water 7.60e-05 1.30e-04 2.20e-04 1.40e-04 1.40e-04
Acetylene Cartridge, Impulse, ARD 446-1 2.80e-04 1.90e-04 1.80e-04 2.20e-04 3.20e-04
Acetylene Cartridge, Impulse, BBU-36/B 1.50e-04 1.30e-04 1.70e-04 1.50e-04 3.00e-04
Acetylene Cartridge, Impulse, MK 107 2.80e-04 ]2.50e-04 1.90e-04 ]2.40e-04 }3.50e-04
Acetylene Composition B surrogate 6.70e-06 8.90e-06 2.70e-05 1.40e-05 1.50e-05
Acetylene JDetonating train 1.80e-04 |]7.30e-05 1.40e-04 }1.30e-04 [|2.10e-04
Acetylene IFlare, IR Countermeasure M206 2.60e-04 ]3.10e-04 2.80e-04 [2.90e-04 |2.90e-04
Acetylene Fuze, Tail Bomb FMU-139 A/B 5.40e-04 }6.60e-04 6.60e-04 ]6.20e-04 ]6.20e-04
Acetylene Fuze, Tail Bomb FMU-54 A/B 3.00e-04 |]5.70e-04 5.00e-04 [4.60e-04 ]6.10e-04
Acetylene Gas Generator, GGU-2/a 5.50e-04 ]6.30e-04 7.30e-04 ]6.40e-04 ]6.40e-04
Acetylene HBX surrogate 1.80e-05 |1.80e-05 5.20e-05 (2.90e-05 [3.00e-05
Acetylene Mine, Claymore, M18Al 7.70e-04 {1.10e-03 1.10e-03 9.80e-04 |9.80e-04
Acetylene Signal, Illumination, Red Star AN-M43A2 2.80e-04 |3.50e-04 2.90e-04 [3.10e-04 [3.10e-04
Acetylene Isignal, Illumination, Red Star M158 2.80e-04 (2.80e-04 2.30e-04 ]2.70e-04 ]2.70e-04
Acetylene lTritonal surrogate 2.00e-04 1.30e-04 4.30e-05 1.20e-04 1.30e-04
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Acetylene

Tritonal surrogate with calcium stearate 2.10e-05 1.60e-05 {1.90e-05 ]2.00e-05
Acetylene Tritonal surrogate with water 4.30e-03 ]4.40e-03 | 4.50e-03 ]4.40e-03 {4.40e-03
Acetylene TNT (ACC1) 2.20e-05 ]1.60e-05 1.40e-05 }1.70e-05 |1.80e-05
Acetylene TNT (ACC2) 1.60e-05 1.60e-05 ]1.70e-05
Acetylene TNT (Sandia) 5.00e-06 |2.40e-06 8.50e-06 [5.30e-06
Acetylene T4SE7 Adapter Booster 7.50e-04 ]4.50e-04 3.60e-04 |5.20e-04 |5.30e-04
Acetylene 20 mm HEI Cartridge 2.20e-04 |1.30e-04 1.90e-04 |1.80e-04 [|2.50e-04
Acetylene 40 mm HEI Cartridge 5.20e-05 ]4.30e-05 3.20e-05 }4.20e-05 |6.40e-05
Allylchloride Amatol surrogate 0.00e+00 J0.00e+00 § 0.00e+00 {0.00e+00 ]0.00e+00
Allylchloride IAmatol surrogate with water 0.00e+00 J0.00e+00 0.00e+00 ]0.00e+00 0.00e+00
Allylchloride Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]O.00e+00
Allylchloride Cartridge, Impulse, BBU-36/B 5.20e-06 1.10e-05 1.10e-05 ]9.30e-06 9.30e-06
Allylchloride Cartridge, Impulse, MK 107 1.00e-05 [2.90e-06 2.10e-06 ]5.10e-06 |5.10e-06
Allylchloride Composition B surragate 0.00e+00 §0.00e+00 0.00e+00 ]0.00e+00 |0.00e+00
Allylchloride Detonating train 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Allylchloride Flare, IR Countermeasure M206 2.10e-05 ]1.60e-05 1.80e-05 ]1.80e-05 1.80e-05
Allylchloride {Fuze, Tail Bomb FMU-139 A/B 3.00e-05 [3.30e-05 2.80e-05 ]3.00e-05 |3.00e-05
Allylchloride lFuze, Tail Bomb FMU-54 A/B 2.10e-05 }8.30e-06 0.00e+00 |]1.50e-05 }1.50e-0S
Allylchloride lGas Generator, GGU-2/A " ]9.20e-05 }8.80e-05 1.60e-04 |]1.10e~-04 |1.10e-04
Allylchloride IHBX surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Allylchloride IMine, Claymore, M18Al 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |0.00e+00
Allylchloride Isignal, Illumination, Red Star AN-M43A2 1.60e-05 |]1.40e-0S5 2.30e-05 |1.80e-05 [1.80e-05
Allylchloride [Signal, Illumination, Red Star M158 2.20e-05 |1.10e-05 1.40e-05 ]1.60e-05 [1.60e-05
Allylchloride Tritonal surrogate 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 }0.00e+00
Allylchloride Tritonal surrogate with calcium stearate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Allylchloride Tritonal surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Allylchloride TNT (ACCl) 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |0.00e+00
Allylchloride TNT (ACC2) 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |0.00e+00
Allylchloride T4d5E7 Adapter Booster 0.00e+00 J0.00e+00 0.00e+00 J0.00e+00 [0.00e+00
Allylchloride 20 mm HEI Cartridge 0.00e+00 ]0.00e+00 0.00e+00 (0.00e+00 J0.00e+00
Allylchloride 40 mm HEI Cartridge 0.00e+00 }0.00e+00 0.00e+00 [0.00e+00 {0.00e+00
Aluminum jAmatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Aluminum [Amatol surrogate with water 0.00e+00 10.00e+00 0.00e+00 ]0.00e+00 |]0.00e+00
Aluminum Cartridge, Impulse, ARD 446-1 3.90e-03 [3.40e-03 4.30e-03 [3.90e-03 |6.00e-03
Aluminum Cartridge, Impulse, BBU-36/B 8.40e-03 ]1.20e-02 1.30e-02 ]1.10e-02 [2.30e-02
Aluminum Cartridge, Impulse, MK 107 8.70e-03 19.70e-03 1.00e-02 [9.50e-03 |1.40e-02
Aluminum Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 J0.00e+00
Aluminum Detonating train 0.00e+00 |9.20e-05 0.00e+00 ]0.00e+00 ]3.00e-04
Aluminum {Flare, IR Countermeasure M206 1.90e-02 [1.40e-02 1.20e-02 [|1.50e-02 ]1.50e-02
Aluminum |I-‘uze, Tail Bomb FMU-139 A/B 4.00e-02 ]3.20e-02 3.20e-02 ]3.40e-02 [3.50e-02
Aluminum lg‘uze, Tail Bomb FMU-54 A/B 1.00e-02 ]1.30e-02 1.30e-02 ]1.20e-02 ]1.60e-02
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Aluminum IGas Generator, GGU-2vA 6.30e-03 |5.60e-03 4.30e-03 {5.40e-03 }5.80e-03
Aluminum IHBX surrogate 6.10e-03 |8.90e-03 1.10e-02 ]8.60e-03 [8.60e-03
Aluminum Mine, Claymore, M18a1 6.20e-03 6.20e-03 ]8.60e-04
Aluminum Signal, Illumination, Red Star AN-M43A2 1.90e-02 |1.70e-02 2.10e-02 |1.90e-02 |1.90e-02
Aluminum Signal, Illumination, Red Star M158 2.80e-03 ]1.80e-03 1.80e-03 (2.10e-03 }2.70e-03
Aluminum Tritonal surrogate 4.20e-02 |]1.80e-02 1.60e-02 ]2.50e-02 §2.50e-02
Aluminum Tritonal surrogate with calcium stearate 1.60e-02 1.70e-02 }1.70e-02 |1.70e-02
Aluminum Tritonal surrogate with water 3.10e-03 7.00e-03 8.00e-03 6.00e-03 6.00e-03
Aluminum TNT (ACC1) 0.00e+00 0.00e+00 ]0.00e+00
Aluminum TNT (ACC2) 1.30e-03 1.30e-03 {1.30e-03
Aluminumn T45E7 Adapter Booster 8.80e-03 8.80e-03 [1.70e-03
Aluminum 20 mm HEI Cartridge 9.60e-04 9.60e-04 7.10e-05
Aluminum 40 mm HEI Cartridge 1.50e-02 1.50e-02 3.90e-03
Antimony Amatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 {0.00e+00
Antimony JAmatol surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 10.00e+00 [0.00e+00
Antimony Cartridge, Impulse, ARD 446-1 1.80e-04 ]1.60e-04 2.%0e-04 ]1.80e-04 |1.80e-04
Ant imony Cartridge, Impulse, BBU-36/B 0.00e+00 }0.00e+00 0.00e+00 J0.00e+00 |0.00e+00
Antimony Cartridge, Impulse, MK 107 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Ant imony Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 0.00e+00 [|0.00e+00
Antimony Detonating train 0.00e+00 [0.00e+00 0.00e+00 [0.00e+00 [0.00e+00
Ant imony Flare, IR Countermeasure M206 0.00e+00 0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Antimony Fuze, Tail Bomb FMU-139 A/B 2.90e-04 [2.20e-04 1.50e-04 [2.20e-04 [2.20e-04
Antimony Fuze, Tail Bomb FMU-54 A/B 0.00e+00 J0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Antimony Gas Generator, GGU-2/A 0.00e+00 §0.00e+00 0.00e+00 J0.00e+00 J0.00e+00
Antimony JHBX surrogate 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Antimony IMine, Claymore, M18Al 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 {0.00e+00
Antimony Signal, Illumination, Red Star AN-M43A2 0.00e+00 §0.00e+00 0.00e+00 ]0.00e+00 J0.00e+00
Antimony Signal, Illumination, Red Star M158 0.00e+00 J0.00e+00 0.00e+00 |0.00e+00 [0.00e+00
Antimony Tritonal surrogate . 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Antimony Tritonal surrogate with calcium stearate 0.00e+00 §0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Antimony Tritonal surrogate with water 0.00e+00 §0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Antimony TNT (ACCl) 0.00e+00 ]0.00e+00 0.00e+00 {0.00e+00 ]0.00e+00
Antimony TNT (ACC2) 0.00e+00 J0.00e+00 0.00e+00 [0.00e+00 }0.00e+00
Antimony TNT (Sandia) 3.20e-07 ]7.00e-07 1.00e-06 |6.70e-07

Antimony T45E7 Adapter Booster 0.00e+00 §0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Antimony 20 mm HEI Cartridge 0.00e+00 ]0.00e+00 0.00e+00 |0.00e+00 J0.00e+00
Antimony 40 mm HEI Cartridge 0.00e+00 {0.00e+00 0.00e+00 §0.00e+00 ]0.00e+00
Baxium |JAmatol surrogate 0.00e+00 ]2.40e-05 3.20e-05 |6.00e-06 {8.00e-06
Barium Amatol surrogate with water 0.00e+00 [0.00e+00 0.00e+00 J0.00e+00 [0.00e+00
Barium Cartridge, Impulse, ARD 446-1 0.00e+00 0.00e+00 0.00e+00 0.00e+00 {1.00e-06
Barium Cartridge, Impulse, BBU-36/B 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 J0.00e+00




Barium Cartridge, Impulse, MK 107 0.00e+00 ]2.50e-05 | 3.70e-05 |1.60e-05 [1.90e-04
Barium Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Barium Detonating train 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 [0.00e+00
Barium JFlare, IR Countermeasure M206 1.50e-04 ]3.10e-04 2.60e-04 |2.40e-04 ]2.40e-04
Barium IFuze, Tail Bomb FMU-139 A/B 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Barium Fuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 §0.00e+00
Barium Gas Generator, GGU-2/A 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Barium HBX surrogate 0.00e+00 ]0.00e+00 0.00e+00 §0.00e+00 ]0.00e+00
Barium [Mine, Claymore, M18Al 0.00e+00 0.00e+00 J0.00e+00
Barium Isignal, Illumination, Red Star AN-M43A2 7.80e-05 ]7.70e-05 1.80e-04 ]1.10e-04 |1.10e-04
Barium |Signa1, Illumination, Red Star M158 2.10e-04 ]11.60e-04 1.40e-04 {§1.70e-04 |2.60e-04
Barium Tritonal surrogate 4.70e-04 ]0.00e+00 1.60e~-04 |1.60e-04 |1.60e-04
Barium Tritonal surrogate with calcium stearate 3.10e-04 4.10e-04 |3.60e-04 [3.60e-04
Barium Tritonal surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 {0.00e+00 {0.00e+00
Barium TNT (ACCL) 1.10e-04 1.10e-04 [1.10e-04
Barium TNT (ACC2) 3.60e-04 3.60e-04 |[3.70e-04
Barium TNT (Sandia) 7.90e-03 }7.70e-03 8.90e-03 {8.20e-03

Barium T4SE?7 Adapter Booster 6.10e-04 6.10e-04 6.10e-04
Barium 20 mm HEI Cartridge 0.00e+00 0.00e+00 0.00e+00
Barium 40 mm HEI Cartridge 0.00e+00 0.00e+00 0.00e+00
Benzene |JAmatol surrogate 4.20e-05 [1.00e-05 1.60e-05 ]12.30e-05 J2.50e-05
Benzene |JAmatol surrogate with water 1.90e-04 [3.60e-04 2.70e-04 2.70e-04 {2.80e-04
Benzene Cartridge, Impulse, ARD 446-1 7.70e-05 6.30e-05 6.10e-05 6.70e-05 1.00e-04
Benzene Cartridge, Impulse, BBU-36/B 2.10e-05 1.90e-05 2.30e-05 2.10e-05 4.70e-05
Benzene Cartridge, Impulse, MX 107 6.90e-05 6.70e-05 5.50e-05 6.40e-05 9.60e-05
Benzene Composition B surrogate 2.20e-06 [2.20e-06 3.30e-06 ]2.60e-06 15.00e-06
Benzene Detonating train 2.40e-05 [2.30e-05 2.60e-05 |]2.50e-05 {|4.60e-05
Benzene Flare, IR Countermeasure M206 4.60e-05 §3.90e-05 5.00e-05 |]4.50e-05 {4.80e-05
Benzene |[Fuze, Tail Bomb FMU-139 A/B 1.10e-04 |1.20e-04 1.30e-04 ]1.20e-04 |1.20e-04
Benzene [Fuze, Tail Bomb FMU-54 A/B 6.40e-05 J1.70e-04 1.00e-04 ]1.10e-04 J1.50e-04
Benzene lGas Generator, GGU-2/A 1.10e-04 }1.30e-04 1.50e-04 ]1.30e-04 |]1.40e-04
Benzene IHBX surrogate 6.60e-06 J4.50e-06 1.00e-05 ]7.20e-06 ]1.40e-05
Benzene lﬁine, Claymore, M18Al 5.50e-04 ]9.40e-04 9.30e-04 18.10e-04 [8.10e-04
Benzene Signal, Illumination, Red Star AN-M4A3A2 3.00e-05 |]3.60e-05 3.50e-05 }]3.40e-05 1]3.60e-05
Benzene Signal, Illumination, Red Star M158 3.00e-05 13.40e-05 2.60e-05 [3.00e-05 3.30e-05
Benzene Tritonal surrogate 1.20e-05 [3.30e-06 1.50e-06 |5.70e-06 1.60e-05
Benzene Tritonal surrogate with calcium stearate 4.40e-06 1.80e-06 ]3.10e-06 1.40e-05
Benzene Tritonal surrogate with water 2.90e-04 ]1.20e-04 2.10e-04 (2.00e-04 ]2.20e-04
Benzene TNT (ACC1) 4.60e-06 [4.80e-06 2.90e-06 [4.10e-06 |}8.80e-06
Benzene TNT (ACC2) 4.10e-06 4.10e-06 |}7.40e-06
Benzene 'TNT (Sandia) 1.40e-06 ]3.30e-06 4.20e-06 13.00e-06
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Benzene T45E7 Adapter Booster 1.60e-04 ]1.40e-04 8.00e-05 ]1.30e-04 }1.30e-04
Benzene 20 mm HEI Cartridge 1.50e-04 |8.90e-05 9.90e-05 [1.10e-04 [|1.70e-04
Benzene 40 mm HEI Cartridge 2.80e-05 ]0.00e+00 0.00e+00 ]2.80e-05 [4.90e-05
Cadmium jAmatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Cadmium Amatol surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |]0.00e+00
Cadmium Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 { 0.00e+00 ]0.00e+00 J0.00e+00
Cadmium Cartridge, Impulse, BBU-36/B 0.00e+00 0.00e+00 0.00e+00 0.00e+00 [0.00e+00
Cadmi um Cartridge, Impulse, MK 107 1.00e-03 |]1.80e-03 1.40e-03 }1.40e-03 ]1.40e-03
Cadmium Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Cadmium Detonating train 1.10e-05 |]1.40e-05 7.00e-06 ]1.10e-05 ]1.10e-05
Cadmium JFlare, IR Countermeasure M206 4.90e-05 ]3.00e-05 2.30e-05 ]3.40e-05 []3.50e-05.
Cadmium IFuze, Tail Bomb FMU-139 A/B 2.40e-03 ]2.10e-03 2.20e-03 }2.30e-03 }2.30e-03
Cadmium JFuze, Tail Bomb FMU-54 A/B 1.80e-04 |1.50e-04 5.90e-04 ]3.10e-04 }4.10e-04
Cadmium ]Gas Generator, GGU-2/A 4.50e-05 }2.10e-04 4.90e-05 |1.00e-04 |1.00e-04
Cadmium ]HBX surrogate 0.00e+00 }0.00e+00 0.00e+00 }0.00e+00 §0.00e+00
Cadmium IMine, Claymore, M18Al 2.40e-04 2.40e-04 [2.40e-04
€admium ISignal, Illumination, Red Star AN-M43A2 1.30e-04 ]7.00e-05 6.10e-05 ]8.80e-05 ]9.00e-05
Cadmium Signal, Illumination, Red Star M158 1.30e-03 ]9.40e-04 1.10e-03 1.10e-03 ]1.30e-03
Cadmium Tritonal surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]O.00e+00
Cadmium Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 ] 0.00e+00 0.00e+00 ]0.00e+00
Cadmium Tritonal surrogate with water 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Cadmium TNT (ACC1) 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Cadmium TNT (ACC2) 4.00e-05 4.00e-05 ]4.00e-05
Cadmium TNT (Sandia) 2.90e-06 []2.50e-06 2.80e-06 [2.70e-06

Cadmium T45E7 Adapter Booster 5.80e-03 ) 5.80e-03 5.80e-03
Cadmium 20 mm HEI Cartridge 8.60e-04 8.60e-04 4.00e-04
Cadmium 40 mm HEI Cartridge 3.20e-05 3.20e-05 [3.20e-05
Carbon tetrachloride |JAmatol surrogate 3.70e-07 0.00e+00 0.00e+00 3.70e-07 2.10e-06
Carbon tetrachloride |Amatol surrogate with water 3.70e-07 3.70e-07 3.70e-07 3.70e-07 2.20e-06
Carbon tetrachloride Cartridge, Impulse, ARD 446-1 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Carbon tetrachloride Cartridge, Impulse, BBU-36/B 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Carbon tetrachloride Cartridge, Impulse, MK 107 0.00e+00 ]0.00e+00 0.00e+00 0.00e+00 [0.00e+00
Carbon tetrachloride Composition B surrogate 0.00e+00 0.00e+00 3.60e-07 3.60e-07 ]2.20e-06
Carbon tetrachloride Detonating train 0.00e+00 0.00e+00 0.00e+00 0.00e+00 ]0.00e+00
Carbon tetrachloride ]Flare, IR Countermeasure M206 0.00e+00 10.00e+00 0.00e+00 ]0.00e+00 (1.90e-06
Carbon tetrachloride ]Fuze, Tail Bomb FMU-139 A/B 0.00e+00 [2.70e-06 0.00e+00 J2.70e-06 ]2.70e-06
Carbon tetrachloride IFuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 (0.00e+00 [2.20e-06
Carbon tetrachloride lGas Generator, GGU-2/A 0.00e+00 J0.00e+00 0.00e+00 J0.00e+00 ]3.30e-06
Carbon tetrachloride lHBx surrogate 0.00e+00 4.10e-07 3.70e-07 3.90e-07 2.30e-06
Carbon tetrachloride IMine, Claymore, M18Al 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Carbon tetrachloride Isignall Illumination, Red Star AN-M43A2 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 J1.90e-06

101




102

Carbon tetrachloride Signal, Illumination, Red Star M158 0.00e+00 {0.00e+00 0.00e+00 ]0.00e+00 |]1.90e-06
Carbon tetrachloride Tritonal surrogate 0.00e+00 }3.70e-07 0.00e+00 {3.70e-07 }2.00e-06
Carbon tetrachloride Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 §0.00e+00 [1.80e-06
Carbon tetrachloride Tritonal surrogate with water 3.70e-07 13.70e-07 7.50e-07 J4.80e-07 |2.40e-06
Carbon tetrachloride TNT (ACC1) 0.00e+00 0.00e+00 [2.50e-06
Carbon tetrachloride TNT (ACC2) 0.00e+00 ]0.00e+00 0.00e+00 [0.00e+00 []0.00e+00
Carbon tetrachloride T4SE7 Adapter Booster 3.20e-06 3.20e-06 ]6.50e-06
Carbon tetrachloride 20 mm HEI Cartridge 7.60e-06 7.60e-06 ]1.60e-05
Carbon tetrachloride 40 mm HEI Cartridge 4.50e-06 4.50e-06 1.20e-05
Chloroform Amatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 }J0.00e+00 [|3.70e-07
Chloroform Amatol surrogate with water 3.70e-07 ]3.70e-07 0.00e+00 [3.70e-07 |7.40e-07
Chloroform Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Chloroform Cartridge, Impulse, BBU-36/B 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Chloroform Cartridge, Impulse, MK 107 0.00e+00 ]0.00e+00 0.00e+00 [0.00e+00 }0.00e+00
Chloroform Composition B surrogate 0.00e+00 ]J0.00e+00 0.00e+00 ]0.00e+00 }3.70e-07
Chloroform Detonating train 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 J0.00e+00
Chloroform |Flare, IR Countermeasure M206 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Chloroform IFuze, Tail Bomb FMU-139 A/B 0.00e+00 ]0.00e+00 0.00e+00 |0.00e+00 J0.00e+00
Chlorcform lFuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |JO.00e+00
Chloroform IGas Generator, GGU-2/A 2.50e-06 ]2.50e-06 2.60e-06 ]2.60e-06 ]2.60e-06
Chloroform IHBx surrogate 3.70e-07 4.10e-07 3.70e-07 3.80e-07 7.60e-07
Chloroform IMine, Claymore, M18al 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Chloroform lsignal, Illumination, Red Star AN-M43A2 0.00e+00 10.00e+00 0.00e+00 |0.00e+00 ]O.00e+00
Chloroform lsignal, Illumination, Red Star M158 0.00e+00 J0.00e+00 0.00e+00 ]0.00e+00 []0.00e+00
Chloroform [Tritonal surrogate 0.00e+00 10.00e+00 3.60e-07 ]3.60e-07 [7.40e-07
Chloroform [Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 [0.00e+00 }3.70e-07
Chloroform Tritonal surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 (0.00e+00 [O.00e+00
Chloroform TNT (ACC1) 0.00e+00 }0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Chloroform TNT (ACC2) 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |]O.00e+00
Chloroform T45E7 Adapter Booster 0.00e+00 ]10.00e+00 0.00e+00 J0.00e+00 }0.00e+00
Chloroform 20 mm HEI Cartridge 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Chloroform 40 mm HEI Cartridge 0.00e+00 [0.00e+00 0.00e+00 {0.00e+00 {0.00e+00
Chromium |]Amatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 {0.00e+00 {0.00e+00
Chromium Amatol surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Chromium Cartridge, Impulse, ARD 446-1 0.00e+00 }0.00e+00 0.00e+00 [0.00e+00 [0.00e+00
Chromium Cartridge, Impulse, BBU-36/B 2.00e-05 10.00e+00 2.50e~05 ]2.20e-05 [2.20e-05
Chromium Cartridge, Impulse, MK 107 4.30e-05 [2.90e-05 2.80e-05 (3.30e-05 3.30e-05
Chromium Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 |0.00e+00 0.00e+00
Chromium {Detonating train 0.00e+00 ]0.00e+00 0.00e+00 $0.00e+00 ]0.00e+00
Chromium ﬁ-‘lare, IR Countermeasure M206 1.40e-04 }1.70e-04 1.60e-04 ]1.60e-04 ]1.60e-04
Chromium lFuzeL Tail Bomb FMU-139 A/B 1.60e-04 |1.20e-04 1.30e-04 {1.40e-04 J1.40e-04




Chromium Fuze, Tail Bomb FMU-54 A/B 5.50e-05 {3.50e-05 2.80e-05 (3.90e-05 [5.50e-05
Chromium Gas Generator, GGU-2/A 5.30e-05 ]9.70e-05 1.40e-04 ]9.60e-05 [}9.60e-05
Chromium HBX surrogate 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 §0.00e+00
Chromium JMine, Claymore, M18Al 3.80e-~05 3.80e-05 }3.80e-05
Chromium Isignal, Illumination, Red Star AN-M43A2 6.60e-05 ]5.20e-05 5.30e-05 |]5.70e-05 }5.80e-05
Chromium |Signa1, Illumination, ‘Red Star M158 1.30e-04 ]1.50e-04 1.50e-04 ]1.50e-04 ]1.50e-04
Chromium Tritonal surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Chromium Tritonal surrogate with calcium stearate 0.00e+00 J]0.00e+00 0.00e+00 [0.00e+00 ]9.10e-06
Chromium Tritonal surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 []0.00e+00 }2.20e-06
Chromium TNT {(ACCl) 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 {3.00e-06
Chromium TNT (ACC2) 2.30e-0S 2.30e-05 |2.50e-05"
Chromium TNT (Sandia) 1.30e-06 ]3.50e-06 2.50e-06 [2.40e-06

Chromium T45E7 Adapter Booster 9.40e-05 9.40e-05 9.40e-05
Chromium 20 mm HEI Cartridge 3.50e-05 3.50e-05 ]3.50e-05
Chromium 40 mm HEI Cartridge B.80e-05 8.80e-05 ]8.80e-05
Copper |Amatol surrogate 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Copper |]Amatol surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |]0.00e+00
copper Cartridge, Impulse, ARD 446-1 0.00e+00 |0.00e+00 0.00e+00 ]0.00e+00 |9.50e-05
Copper Cartridge, Impulse, BBU-36/B 8.80e-04 1.40e-03 1.40e-03 1.20e-03 |]2.90e-03
Copper Cartridge, Impulse, MK 107 1.30e-03 1.50e-03 1.50e-03 1.40e-03 2.40e-03
Copper Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |]0.00e+00
Copper Detonating train 0.00e+00 |]4.70e-04 0.00e+00 ]0.00e+00 |2.60e-04
Copper |JFlare, IR Countermeasure M206 6.50e-05 ]0.00e+00 0.00e+00 10.00e+00 ]0.00e+00
Copper lFuze, Tail Bomb FMU-139 A/B 7.70e-03 |]6.60e-03 5.90e-03 ]6.80e-03 ]6.80e-03
Copper lFuze, Tail Bomb FMU-54 A/B 4.40e-04 [|4.50e-04 6.40e-04 [5.10e-04 ]8.60e-04
Copper lGas Generator, GGU-2/A 6.60e-04 [7.00e-04 5.50e~-04 ]6.40e-04 |7.10e-04
Copper IHBX surrogate 1.90e-03 [4.50e-03 3.10e-03 ]3.20e-03 |3.20e-03
Copper lMine, Claymore, M18al 4.70e-03 4.70e-03 ]7.10e-04
Copper Signal, Illumination, Red Star AN-M43A2 6.90e-04 ]2.00e-04 2.3Ce-04 |]3.70e-04 ]3.90e-04
Copper |Signal, Illumination, Red Star M158 0.00e+00 |]1.80e-03 0.00e+00 ]0.00e+00 ]10.00e+00
copper Tritonal surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 (0.00e+00
Copper Tritonal surrogate with calcium stearate 1.00e-04 0.00e+00 []4.40e-05 ]7.50e-05
Copper Tritonal surrogate with water 9.20e-04 J7.70e-04 9.60e-04 |8.80e-04 ]9.10e-04
Copper TNT (ACC1) 3.00e-04 3.00e-04 ]0.00e+00
Copper TNT (ACC2) 5.00e-04 5.00e-04 ]5.20e-04
Copper TASE7 Adapter Booster 2.70e-03 2.70e-03 ]3.20e-04
Copper 20 mm HEI Cartridge 2.60e-02 2.60e-02 1.20e-02
cCopper 40 mm HEI Cartridge 8.90e-03 8.90e-03 []2.30e-03
Cyclohexane [Amatol surrogate 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 §0.00e+00
Cyclohexane |]Amatol surrogate with water 7.40e-07 0.00e+00 0.00e+00 (7.40e-07 1.50e-06
Cyclohexane Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 | 0.00e+00 {0.00e+00 ]O.00e+00
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Cyclohexane Cartridge, Impulse, BBU-36/B 0.00e+00 5.60e-07 0.00e+00 5.60e-07 1.70e-06
Cyclohexane Cartridge, Impulse, MK 107 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Cyclohexane Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Cyclohexane Detonating train 8.70e-07 [0.00e+00 | 6.00e-07 ]7.30e-07 [1.80e-06
Cyclohexane JFlare, IR Countermeasure M206 3.30e-07 ]0.00e+00 0.00e+00 ]3.30e-07 |3.30e-07
Cyclohexane ll-‘uze, Tail Bomb FMU-139 A/B 4.90e-07 {0.00e+00 0.00e+00 ]4.90e-07 ]4.90e-07
Cyclohexane lFuze. Tail Bomb FMU-54 A/B 0.00e+00 }0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Cyclohexane IGas Generator, GGU-2/A 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Cyclohexane IHBX surrogate 0.00e+00 J0.00e+00 0.00e+00 ]0.00e+00 |5.80e-07
Cyclohexane lMine, Claymore, M18A1 2.00e-06 J4.90e-07 1.40e-06 ]1.30e-06 |}1.80e-06
Cyclohexane Signal, Illumination, Red Star AN-M43A2 0.00e+00 ]0.00e+00 0.00e+00 []0.00e+00 |0.00e+00
Cyclohexane ]Signal, Illumination, Red Star M158 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 |0.00e+00
Cyclohexane Tritonal surrogate 0.00e+00 }0.00e+00 0.00e+00 §0.00e+00 |7.40e-07
Cyclohexane Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 (0.00e+00 §7.30e-07
Cyclohexane Tritonal surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 0.00e+00 1.80e-06
Cyclohexane TNT (ACC1) 2.30e-06 ]9.60e-07 0.00e+00 }1.60e-06 }3.00e-06
Cyclohexane TNT (ACC2) 0.00e+00 [0.00e+00 0.00e+00 0.00e+00 ]10.00e+00
Cyclohexane T4SE7 Adapter Booster 1.80e-06 ]1.20e-06 4.00e-06 {2.30e-06 [|4.70e-06
Cyclohexane 20 mm HEI Cartridge 7.00e~-07 |0.00e+00 6.80e-07 (6.90e-07 }6.50e-06
Cyclohexane 40 mm HEI Cartridge 7.50e-06 ]0.00e+00 0.00e+00 |J7.50e-06 ]1.60e-0S
Cyclopentane Amatol surrogate 0.00e+00 [0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Cyclopentane Amatol surrogate with water 2.20e-06 []4.40e-06 2.20e-06 [3.00e-06 {3.50e-06
Cyclopentane Cartridge, Impulse, ARD 446-1 0.00e+00 {2.60e-07 0.00e+00 ]2.60e-07 |7.50e-07
Cyclopentane Cartridge, Impulse, BBU-36/B 2.70e-07 }2.80e-07 2.80e-07 |2.80e-07 }9.00e-07
Cyclopentane Cartridge, Impulse, MK 107 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |]0.00e+00
Cyclopentane Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 }0.00e+00
Cyclopentane Detonating train 0.00e+00 J0.00e+00 3.00e-07 ]3.00e-07 ]6.10e-07
Cyclopentane |Flare, IR Countermeasure M206 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 J0.00e+00
Cyclopentane IFuze, Tail Bomb FMU-139 A/B 0.00e+00 [0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Cyclopentane |Fuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Cyclopentane Gas Generator, GGU-2/A 0.00e+00 J0.00e+00 0.00e+00 ]0.00e+00 J0.00e+00
Cyclopentane HBX surrogate 0.00e+00 ]0.00e+00 1.10e-06 }1.10e-06 {7.50e-07
Cyclopentane Mine, Claymore, M18Al 0.00e+00 |9.80e-07 4.70e~07 }7.20e-07 {7.20e-07
Cyclopentane Signal, Illumination, Red Star AN-M43A2 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Cyclopentane Signal, Illumination, Red Star M158 0.00e+00 [0.00e+00 0.00e+00 0.00e+00 ]0.00e+00
Cyclopentane Tritonal surrogate 3.70e-07 ]3.70e-07 3.60e-07 ]3.70e-07 {7.40e-07
Cyclopentane Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 0.00e+00 |5.50e-07
Cyclopentane Tritonal surrogate with water 0.00e+00 J1.50e-06 7.50e-07 ]1.10e-06 [1.90e-06
Cyclopentane TNT (ACCl) 4.60e-07 |4.80e-07 0.00e+00 J4.70e-07 ]4.70e-07
Cyclopentane TNT (ACC2) 0.00e+00 ]0.00e+00 0.00e+00 |0.00e+00 J0.00e+00

clopentane T45E7 Adapter Booster 0.00e+00 |5.90e-07 5.80e-07 |5.80e-07 |9.70e-07
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20 mm HEI Cartridge

Cyclopentane 0.00e+00 |]7.20e-07 6.80e-07 [7.00e-07 ]1.60e-06

Cyclopentane 40 mm HEI Cartridge 1.70e-06 ]0.00e+00 | 0.00e+00 [|1.70e-06 |3.30e-06

Cyclopentene Amatol surrogate 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00

Cyclopentene Amatol surrogate with water 4.10e-06 12.00e-05 | 0.00e+00 |1.20e-05 |1.20e-05

Cyclopentene Cartridge, Impulse, ARD 446-1 2.10e-06 |5.10e-06 | 2.00e-06 ]3.10e-06 |3.10e-06

Cyclopentene Cartridge, Impulse, BBU-36/B 2.70e-06 ]0.00e+00 2.80e-06 [2.70e-06 §2.70e-06

Cyclopentene Cartridge, Impulse, MK 107 1.00e-06 |]7.90e-07 1.00e-06 []9.70e-07 [9.70e-07

Cyclopentene Composition B surrogate 0.00e+00 |0.00e+00 | 0.00e+00 ]0.00e+00 [o0.00e+00

Cyclopentene Detonating train 3.80e-06 3.90e-06 3.30e-06 3.70e-06 [3.70e-06

Cyclopentene Flare, IR Countermeasure M206 6.60e-07 6.80e-07 1.00e-06 7.90e-07 7.90e~-07

Cyclopentene Fuze, Tail Bomb FMU-139 A/B 9.70e-07 9.70e-07 4.80e-07 8.10e-07 8.10e-07

Cyclopentene Fuze, Tail Bomb FMU-54 A/B 1.20e-06 1.50e-06 1.20e-06 1.30e-06 1.30e-06

Cyclopentene Gas Generator, GGU-2/A 4.10e-06 1.80e-06 4.90e-06 3.60e-06 3.60e-06

Cyclopentene {HBX surrogate 3.70e-07 14.10e-07 0.00e+00 |3.90e-07 5.70e-07

Cyclopentene IMine, Claymore, M18Al 4.90e-07 ]0.00e+00 0.00e+00 [4.90e-07 ]4.90e-07

Cyclopentene |Signal, Illumination, Red Star AN-M43A2 1.00e-06 {1.70e-06 1.00e-06 []1.30e-06 |1.30e-06

Cyclopentene Signal, Illumination, Red Star M158 3.50e-06 J2.10e-06 1.70e-06 ]2.50e-06 J2.50e-06

Cyclopentene Tritonal surrogate 0.00e+00 0.00e+00 7.30e-07 7.30e-07 7.30e-07

Cyclopentene Tritonal surrogate with calcium stearate 0.00e+00 3.60e-07 3.60e-07 3.60e-07

Cyclopentene Tritonal surrogate with water 0.00e+00 J0.00e+00 2.60e-06 ]2.60e-06 |2.60e-06
‘|Cyclopentene TNT (ACCl) 4.60e-07 [0.00e+00 0.00e+00 ]4.60e-07 ]4.60e-07

Cyclopentene TNT (ACC2) 3.70e-07 3.70e-07 |]3.70e-07

Cyclopentene T4SE7 Adapter Booster 4.20e-06 }4.10e-06 2.90e-06 3.70e-06 ]3.70e-06

Cyclopentene 20 mm HEI Cartridge 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00

Cyclopentene 40 mm HEI Cartridge 8.30e-07 ]0.00e+00 0.00e+00 [8.30e-07 ]1.70e-06

[of¢] |Amatol surrogate 9.80e-03 8.60e-03 1.10e-02 9.70e-03

[ole] |JAmatol surrogate with water 1.90e-01 3.10e-01 1.90e-01 2.30e-01

co Cartridge, Impulse, ARD 446-1 1.40e-02 |1.20e-02 1.30e-02 ]1.30e-02

cO Cartridge, Impulse, BBU-36/B 8.10e-03 8.10e-03 9.00e-03 8.40e-03

co Cartridge, Impulse, MK 107 1.40e-02 1.50e-02 1.30e-02 1.40e-02

(o] Composition B surrogate 3.40e-03 |4.70e-03 4.40e-03 [4.20e-03

Cco Detonating train 1.30e-02 |]7.90e-03 7.40e-03 |9.40e-03

Cco JFlare, IR Countermeasure M206 7.40e-03 ]9.50e-03 7.90e-03 ]8.30e-03

co IFuze, Tail Bomb FMU-139 A/B 2.10e-02 ]2.40e-02 2.50e-02 ]2.30e-02

o] lFuze, Tail Bomb FMU-54 A/B 1.50e-02 [2.40e-02 1.70e-02 [1.80e-02

CO IGas Generator, GGU-2/A 2.70e-02 12.80e-02 3.00e-02 ]2.80e-02

[of¢) IHBx surrogate . 4.40e-03 (4.20e-03 7.00e-03 5.20e-03

co Mine, Claymore, M18Al 2.90e-02 ]3.20e-02 3.00e-02 ]3.00e-02

co Signal, Illumination, Red Star AN-M43A2 1.70e-02 (2.10e-02 2.80e-02 2.20e-02

Cco Signal, Illumipation, Red Star M158 1.10e-02 J1.10e-02 1.206-02 ]1.20e-02

[ofe] lTritonal surrogate 5.60e-03 {5.60e-03 2.90e-03 [4.70e-03
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Co

Tritonal surrogate with calcium stearate

3.30e-03 2.00e-03 [2.70e-03
co Tritonal surrogate with water 2.80e-01 ]2.40e-01 2.80e-01 ]2.70e-01
[ale] TNT (ACC1) 9.50e-03 {1.30e-02 9.30e-03 {1.00e-02
Cco TNT (ACC2) 6.70e-03 6.70e-03
Co T4SE7 Adapter Booster 3.10e-02 ]3.10e-02 ] 2.60e-02 |2.90e-02
co 20 mm HEI Cartridge 1.20e-01 ]9.10e-02 1.10e-01 }1.10e-01
co 40 mm HEI Cartridge 2.30e-02 ]2.30e-02 {1.80e-02 [2.10e-02
Cc02 Amatol surrogate 5.10e-01 {7.80e-01 8.00e-01 }7.00e-01
Co02 Amatol surrogate with water 2.30e-01 ]4.50e-01 2.40e-01 [3.10e-01
Cco2 Cartridge, Impulse, ARD 446-1 4.80e-01 ]4.60e-01 5.00e-01 14.80e-01
Cc02 Cartridge, Impulse, BBU-36/B 5.00e-01 ]4.80e-01 5.30e-01 ]5.00e-01
[ale¥] Cartridge, Impulse, MK 107 8.40e-01 |8.50e-01 8.60e-01 |8.50e-01
C02 Composition B surrogate 1.10e+00 ]1.20e+00 1.10e+00 [1.10e+00
C02 Detonating train 5.70e-01 []1.10e+00 1.10e+00 [9.10e-01
Cc02 Flare, IR Countermeasure M206 7.70e-01 ]8.10e-01 8.50e-01 ]8.10e-01
Cc02 Fuze, Tail Bomb FMU-139 A/B 1.50e+00 ]1.40e+00 1.50e+00 [1.40e+00
co2 JFuze, Tail Bomb FMU-54 A/B 9.20e-01 ]9.10e-01 9.80e-01 ]9.40e-01
C02 IGas Generator, GGU-2/A 4.40e-01 J4.30e-01 4.80e-01 [4.50e-01
co2 IHBX surrogate 9.70e-01 9.40e-01 1.10e+00 1.00e+00
Co2 |Mine, Claymore, M18Aal 4.90e+00 |5.10e+00 5.00e+00 [5.00e+00
co2 lsignal, Illumination, Red Star AN-M43A2 1.00e+00 [1.10e+00 1.10e+00 {1.10e+00
co2 lsignal, Illumination, Red Star M158 5.00e-01 }5.30e-01 5.10e-01 |5.10e-01
co2 Tritonal surrogate 5.00e-01 ]2.20e-01 1.20e+00 6.40e-01
co2 Tritonal surrogate with calcium stearate i 1.30e+00 1.30e+00 1.30e+00
co2 Tritonal surrogate with water 2.50e-01 3.30e-01 2.60e-01 2.80e-01
c02 TNT (ACC1) 1.40e+00 [1.50e+00 1.50e+00 ]1.50e+00
Co2 TNT (ACC2) 1.40e+00 1.40e+00
C02 'TNT (Sandia) 1.30e+00 1.30e+00
Cco2 T4SE7 Adapter Booster 5.10e+00 ]4.60e+00 4.70e+00 14.80e+00
C02 20 mm HEI Cartridge 2.30e+00 ]12.20e+00 1.90e+00 [2.10e+00
co2 40 mm HEI Cartridge 9.10e-01 [8.70e-01 8.80e-01 ]8.90e-01 .
Diethyl phthalate Amatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Diethyl phthalate Amatol surrogate with water 0.00e+00 §0.00e+00 0.00e+00 ]0.00e+00 ]1.40e-05
Diethyl phthalate Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 0.00e+00 [0.00e+00 [1.80e-06
Diethyl phthalate Cartridge, Impulse, BBU-36/B 4.40e-05 §6.70e-04 4.90e-04 |4.00e-04 7.80e-04
Diethyl phthalate Cartridge, Impulse, MK 107 3.00e~-04 ]0.00e+00 0.00e+00 []3.00e-04 ]4.40e-04
Diethyl phthalate Composition B surrogate 0.00e+00 [0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Diethyl phthalate Detonating train 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Diethyl phthalate Flare, IR Countermeasure M206 0.00e+00 ]0.00e+00 0.00e+00 |0.00e+00 J0.00e+00
Diethyl phthalate Fuze, Tail Bomb FMU-139 A/B 1.40e-03 ]1.70e-03 1.50e-03 ]1.50e-03 1.50e-03
Diethyl phthalate Fuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
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Diethyl phthalate Gas Generator, GGU-2/A 2.30e-04 0.00e+00 1.60e-03 8.90e-04 0.00e+00
Diethyl phthalate HBX surrogate 0.00e+00 [0.00e+00 0.00e+00 0.00e+00 [0.00e+00
Diethyl phthalate Mine, Claymore, M18Al 0.00e+00 §0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Diethyl phthalate Signal, Illumination, Red Star AN-M43A2 0.00e+00 [0.00e+00 0.00e+00 0.00e+00 ]0.00e+00
Diethyl phthalate Signal, Illumination, Red Star M158 0.00e+00 ]7.70e-05 0.00e+00 7.70e-05 ]7.70e-05
Diethyl phthalate Tritonal surrogate 0.00e+00 |0.00e+00 0.00e+00 0.00e+00 ]0.00e+00
Diethyl phthalate Tritonal surrogate with calcium stearate 0.00e+00 [0.00e+00 0.00e+00 0.00e+00 ]0.00e+00
Diethyl phthalate Tritonal surrogate with water 0.00e+00 |0.00e+00 0.00e+00 0.00e+00 [2.40e-06
Diethyl phthalate TNT (ACC1) 0.00e+00 [0.00e+00 0.00e+00 0.00e+00 [0.00e+00
Diethyl phthalate TNT (ACC2) 0.00e+00 }0.00e+00 0.00e+00 {0.00e+00 ]0.00e+00
Diethyl phthalate T4SE7 Adapter Booster 0.00e+00 }0.00e+00 0.00e+00 10.00e+00 ]0.00e+00
Diethyl phthalate 20 mm HEI Cartridge 0.00e+00 ]10.00e+00 0.00e+00 ]0.00e+00 [|0.00e+00
Diethyl phthalate 40 mm HEI Cartridge 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 §0.00e+00
Ethane |JAmatol surrogate 0.00e+00 [2.20e-06 6.00e-06 4.10e-06 [5.20e-06
Ethane Amatol surrogate with water 8.70e-04 ]1.50e-03 1.00e-03 |1.10e-03 {1.10e-03
Ethane Cartridge, Impulse, ARD 446-1 3.00e-05 ]1.20e-05 2.90e-05 [2.40e-05 [3.90e-05
Ethane Cartridge, Impulse, BBU-36/B 1.40e-06 §5.60e-07 8.40e-06 |3.40e-06 ]1.30e-05
Ethane Cartridge, Impulse, MK 107 5.30e-07 ]2.60e-06 1.60e-06 ]1.60e-06 ]9.50e-06
Ethane Composition B surrogate 1.90e-06 J0.00e+00 7.30e-07 1.30e-06 [4.70e-06
Ethane jDetonating train 1.70e-06 1.80e-06 9.60e-06 }4.40e-06 1.40e-05
Ethane IE‘lare, IR Countermeasure M206 1.00e-06 J0.00e+00 1.00e-06 ]1.00e-06 ]7.60e-06
Ethane lFuze, Tail Bomb FMU-139 A/B 0.00e+00 ]9.20e-06 0.00e+00 [9.80e-06 [|1.90e-05
Ethane l!-‘uze, Tail Bomb FMU-54 A/B 9.80e-06 ]1.20e-05 0.00e+00 {1.10e-05 [1.90e-05
Ethane IGas Generator, GGU-2/A 2.50e-05 [3.70e-05 3.00e-05 }3.00e-05 [3.90e-05
Ethane IHBx surrogate 0.00e+00 1.60e-06 1.50e-06 1.60e-06 ]4.90e-06
Ethane IMine, Claymore, M18Al 8.80e-06 [1.50e-06 5.60e-06 ]5.30e-06 }7.20e-06
Ethane lsignal , Illumination, Red Star AN-M43A2 9.00e-06 ]0.00e+00 9.00e-06 ]9.00e-06 [1.30e-05
Ethane Isignal, Illumination, Red Star M158 1.50e-05 ]2.40e-05 0.00e+00 [2.00e-05 ]2.60e-05
Ethane Tritonal surrogate 0.00e+00 0.00e+00 3.60e-07 3.60e-07 [2.60e-06
Ethane Tritonal surrogate with calcium stearate 7.40e-07 0.00e+00 [7.40e-07 ]4.40e-06
Ethane Tritonal surrogate with water 5.00e-05 ]1.10e-04 2.10e-04 ]1.20e-04 ]1.30e-04
Ethane TNT (ACC1) 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]2.70e-06
Ethane TNT {(ACC2) 7.40e-07 7.40e-07 |4.10e-06
Ethane T4SE7 Adapter Booster 2.80e-05 ]2.40e-05 2.40e-05 |2.50e-05 [|3.90e-05
Ethane 20 mm HEI Cartridge 1.10e-04 7.60e-05 9.90e-05 9.40e-05 1.40e-04
Ethane 40 mm HEI Cartridge 2.90e-05 13.60e-05 2.50e-05 3.00e-05 ]4.60e-05
Ethyl chloride Amatol surrogate 0.00e+00 10.00e+00 0.00e+00 {0.00e+00 J0.00e+00
Ethyl chloride Amatol surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Ethyl chloride Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Ethyl chloride Cartridge, Impulse, BBU-36/B 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Ethyl chloride Cartridge, Impulse, MK 107 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
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Ethyl chloride

Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 (0.00e+00 ]0O.00e+00
Ethyl chloride Detonating train 0.00e+00 16.90e-07 | 6.90e-07 }6.90e-07 |6.90e-07
Ethyl chloride Flare, IR Countermeasure M206 3.90e-06 |3.20e-06 2.40e-06 [3.10e-06 ]3.10e-06
Ethyl chloride Fuze, Tail Bomb FMU-139 A/B 0.00e+00 {0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Ethyl chloride Fuze, Tail Bomb FMU-54 A/B 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Ethyl chloride Gas Generator, GGU-2/A 2.70e-06 |4.10e-06 7.10e-06 |4.70e-06 ]4.70e-06
Ethyl chloride HBX surrogate 0.00e+00 ]0.00e+00 ] 0.00e+00 J0.00e+00 [0.00e+00
Ethyl chloride Mine, Claymore, M18a1 0.00e+00 ]0.00e+00 ] 0.00e+00 [0.00e+00 []0.00e+00
Ethyl chloride 'Signal, Illumination, Red Star AN-M43A2 0.00e+00 J0.00e+00 0.00e+00 ]J0.00e+00 ]0.00e+00
Ethyl chloride Signal, Illumination, Red Star M158 0.00e+00 {0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Ethyl chloride Tritonal surrogate 0.00e+00 |0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Ethyl chloride Tritonal surrogate with calcium stearate 0.00e+00 ]0.00e+00 0.00e+00 §0.00e+00 [O0.00e+00
Ethyl chloride Tritonal surrogate with water 0.00e+00 |]0.00e+00 0.00e+00 ]0.00e+00 {0.00e+00
Ethyl chloride 'TNT (ACC1) 0.00e+00 ]0.00e+00 0.00e+00 |0.00e+00 ]0.00e+00
Ethyl chloride TNT (ACC2) 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 J§0.00e+00
Ethyl chloride T45E7 Adapter Booster 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Ethyl chloride 20 mm HEI Cartridge 0.00e+00 }0.00e+00 0.00e+00 ]J0.00e+00 ]0.00e+00
Ethyl chloride 40 mm HEI Cartridge 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Ethylbenzene |Amatol surrogate 7.50e~07 1.10e-06 1.90e-06 1.20e-06 4.00e-06
Ethylbenzene [Amatol surrogate with water 1.20e-05 ]2.20e-05 1.50e-05 ]1.60e-05 [|2.10e-0S5
Ethylbenzene Cartridge, Impulse, ARD 446-1 1.00e~06 §2.10e-06 2.70e-06 ]1.90e-06 |8.10e-06
Ethylbenzene Cartridge, Impulse, BBU-36/B 2.70e-06 ~ §2.50e-06 1.90e-06 ]2.40e-06 ]1.00e-0S
Ethylbenzene Cartridge, Impulse, MK 107 7.90e-07 1.10e-06 1.00e-06 ]9.70e-07 [2.90e-06
Ethylbenzene Composition B surrogate 1.10e-06 |1.90e-06 2.90e-06 [}2.00e-06 |5.30e-06
Ethylbenzene [Detonating train ) 2.90e-07 ]6.00e-07 9.00e-07 ]6.00e-07 ]9.30e-06
Ethylbenzene IFlare, IR Countermeasure M206 2.70e-06 |1.70e-06 2.70e-06 ]2.40e-06 ]4.10e-06
Ethylbenzene lFuze, Tail Bomb FMU-139% A/B 3.40e-06 [3.40e-06 2.90e-06 ]3.20e-06 14.50e-06
Ethylbenzene |Fuze, Tail Bomb FMU-54 A/B 1.50e-06 []3.30e-06 2.40e-06 ]2.40e-06 [6.00e-06
Ethylbenzene Gas Generator, GGU-2/A 5.90e-07 |1.80e-06 1.20e-06 J1.20e-06 ]9.10e-06
Ethylbenzene HBX surrogate 1.50e-06 |1.60e-06 2.20e-06 |J1.80e-06 [8.80e-06
Ethylbenzene {Mine, Claymore, M18Al 3.10e-05 |]4.10e-05 4.20e-05 |]3.80e~05 |[3.90e-0S
Ethylbenzene Isignal, Illumination, Red Star AN-M43A2 6.50e-07 ]3.50e-07 3.50e-07 }4.60e-07 |]1.90e-06
Ethylbenzene lsignul, Illumination, Red Star M158 7.00e-07 ]7.00e-07 0.00e+00 ]7.00e-07 [2.20e-06
Ethylbenzene Tritonal surrogate 1.50e-06 ]2.60e-06 3.30e-06 ]2.50e-06 |1.10e-0S
Ethylbenzene Tritonal surrogate with calcium stearate 7.40e-07 2.60e-06 ]1.60e-06 ]9.90e-06
Ethylbenzene Tritonal surrogate with water 8.20e-06 ]3.30e-06 7.50e-06 ]6.30e-06 ]1.50e-05
Ethylbenzene TNT (ACC1) 4.60e-07 {4.680e-07 0.00e+00 [4.70e-07 ]2.70e-06
Ethylbenzene TNT (ACC2) 0.00e+00 0.00e+00 |3.30e-06
Ethylbenzene T45E7 Adapter Booster 1.00e-05 |7.70e-06 9.80e-06 [9.20e-06 ]1.00e-05
Ethylbenzene 20 mm HEI Cartridge 2.8Qe-06 |5.00e-06 6.10e-06 |4.60e-06 [1.00e-05
|Ethylbenzene 40 mm HEI Cartridge 2.50e-06 [0.00e+00 0.00e+00 ]2.50e-06_ |9.60e-06
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Ethylene

Amatol surrogate 4.40e-05 ]2.00e-05 2.90e-05 ]3.10e-05 [3.20e-05
Ethylene Amatol surrogate with water 7.30e-04. {1.30e-03 8.80e-04 §9.80e-04 |9.80e-04
Ethylene Cartridge, Impulse, ARD 446-1 3.90e-04 }3.10e-04 [ 3.10e-04 [3.30e-04 [4.90e-04
Ethylene Cartridge, Impulse, BBU-36/B 2.60e-04 12.50e-04 ] 3.00e-04 [2.70e-04 }5.30e-04
Ethylene Cartridge, Impulse, MK 107 2.00e-04 ]1.80e-04 1.60e-04 |1.80e-04 [2.60e-04
Ethylene Composition B surrogate 1.20e-05 ]1.20e-05 | 1.70e-05 }1.40e-05 [|1.50e-05
Ethylene Detonating train 4.20e-04 [4.10e-04 ] 3.50e-04 |3.90e-04 [6.00e-04
Ethylene Flare, IR Countermeasure M206 1.30e-04 |7.70e-05 1.40e-04 ]1.20e-04 ]1.20e-04
Ethylene Fuze, Tail Bomb FMU-139 A/B 2.40e-04 ]4.00e-04 3.80e-04 ]3.40e-04 [3.40e-04
Ethylene Fuze, Tail Bomb FMU-54 A/B 1.60e-04 ]2.60e-04 1.70e-04 [1.90e-04 ]2.60e-04
Ethylene Gas Generator, GGU-2/A 6.00e-04 5.80e-04 6.70e-04 [|6.10e-04 6.20e-04
Ethylene JHBX surrogate 2.80e-05 ]2.50e-05 4.30e-05 ]3.20e-05 ]3.30e-05
Ethylene IMine, Claymore, M18Al 1.80e-04 ]2.30e-04 3.00e-04 }12.40e-04 |2.40e-04
Ethylene Signal, Illumination, Red Star AN-M43A2 2.10e-04 |2.20e-04 2.20e~04 ]2.20e-04 |2.20e-04
Ethylene Signal, Illumination, Red Star M158 2.30e-04 ]3.50e-04 1.00e-04 [2.30e-04 |2.30e-04¢
Ethylene Tritonal surrogate 2.70e-05 |1.30e-05 2.50e-05 }2.20e-05 J2.30e-0S
Ethylene Tritonal surrogate with calcium stearate 3.20e-05 1.80e-05 ]2.50e-05 |2.60e-05
Ethylene Tritonal surrogate with water 1.20e-03 19.00e-04 1.30e-03 ]1.10e-03 ]1.10e-03
Ethylene TNT (ACCl) 3.00e-05 ]2.90e-05 8.60e-06 [2.20e-05 |2.30e-05
Ethylene TNT (ACC2) 1.60e-05 1.60e-05 ]1.60e-05
Ethylene T4SE7 Adapter Booster 6.50e-04 5.60e-04 4.90e-04 ]5.70e-04 5.70e-04
Ethylene 20 mm HEI Cartridge 3.30e-04 2.40e-04 3.00e-04 [2.90e-04 4.00e-04
Ethylene 40 mm HEI Cartridge * 8.90e-05 ]9.00e-05 6.50e-05 |8.10e-05 [1.10e-04
Lead [Amatol surrogate 0.00e+00 }3.20e-0S 9.70e-05 13.30e-05 |3.30e-05
Lead |]Amatol surrogate with water 0.00e+00 0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Lead Cartridge, Impulse, ARD 446-1 3.60e-04 2.10e-04 3.60e-04 ]3.10e-04 3.10e-04
Lead Cartridge, Impulse, BBU-36/B 1.20e-05 }1.00e-04 8.80e-05 }6.80e-05 |6.80e-05
Lead Cartridge, Impulse, MK 107 0.00e+00 0.00e+00 0.00e+00 |0.00e+00 J0.00e+00
Lead Composition B surrogate 0.00e+00 [0.00e+00 0.00e+00 }0.00e+00 J0.00e+00
Lead Detonating train 2.80e-05 12.20e-04 2.90e-04 1.80e-04 ]1.80e-04
Lead Flare, IR Countermeasure M206 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 [0.00e+00
Lead Fuze, Tail Bomb FMU-139 A/B 2.80e-03 ]2.40e-03 2.50e-03 12.60e-03 [2.60e-03
Lead lFuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 |0.00e+00
Lead IGas Generator, GGU-2/A 4.10e-04 }4.10e-04 2.80e-04 ]3.70e-04 [3.70e-04
Lead lHBx surrogate 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Lead Mine, Claymore, M18Al 0.00e+00 0.00e+00 0.00e+00
Lead Signal, Illumination, Red Star AN-M43A2 2.10e-04 ]0.00e+00 2.80e-05 |7.00e-05 }7.00e-05
Lead Signal, Illumination, Red Star M158 7.00e-05 [0.00e+00 0.00e+00 10.00e+00 J0.00e+00
Lead Tritonal surrogate 1.90e-03 7.20e-04 6.70e-04 1.10e-03 1.10e-03
Lead Tritonal surrogate with calcium stearate 9.10e-04 9.30e-04 ]9.20e-04 9.20e-04
Lead Tritonal surrogate with water ]0.00e+00 0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
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Lead

TNT (ACC1) 0.00e+00 0.00e+00 {0.00e+00
Lead INT (ACC2) 9.00e-06 9.00e-06 |9.00e-06
Lead TNT (Sandia) K 0.00e+00 ]0.00e+00 0.00e+00 {0.00e+00
Lead T4SE7 Adapter Booster 1.80e-04 1.80e-04 |1.80e-04
Lead 20 mm HEI Cartridge 7.00e-04 7.00e-04 |8.00e-06
Lead - 40 mm HEI Cartridge 3.70e-04 3.70e-04 ]3.70e-04
Methyl chloride Amatol surrogate 1.10e-06 |7.50e-07 | 3.70e-07 |7.50e-07 [7.50e-07
Methyl chloride Amatol surrogate with water 2.20e-06 1.80e-06 2.60e-06 []2.20e-06 [2.20e-06
Methyl chloride Cartridge, Impulse, ARD 446-1 1.90e-06 9.20e-07 9.00e-07 1.20e-06 [2.00e-06
Methyl chloride Cartridge, Impulse, BBU-36/B 4.90e-07 1.50e-06 1.00e-06 1.00e-06 ]3.00e-06
Methyl chloride Cartridge, Impulse, MK 107 1.90e-06 }4.80e-07 4.70e-07 |9.60e-07 (1.60e-06
Methyl chloride Composition B surrogate 0.00e+00 10.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Methyl chloride Detonating train 1.10e-06 [5.30e-07 5.30e-07 ]7.00e-07 [1.90e-06
Methyl chloride Flare, IR Countermeasure M206 1.20e-06 ]6.00e-07 1.20e-06 ]1.00e-06 [|1.60e-06
Methyl chloride fFuze, Tail Bomb FMU-139 A/B 4.50e-06 ]6.10e-06 | 3.50e-06 [4.70e-06 |5.30e-06
Methyl chloride lFuze, Tail Bomb FMU-54 A/B 1.10e-06 |2.20e-06 6.20e-06 3.10e-06 [4.90e-06
Methyl chloride lGas Generator, GGU-2/A 5.30e-06 [|7.60e-06 3.60e-05 [|1.60e-05 J1.70e-05
Methyl chloride IHBx surrogate 3.70e-07 }4.10e-07 1.10e-06 [6.30e-07 ]1.00e-06
Methyl chloride IMine, Claymore, M18Al 4.40e-06 4.40e-06 [4.40e-06
Methyl chloride |Signal, Illumination, Red Star AN-M43A2 1.90e-06 |1.20e-06 1.80e-06 J1.70e-06 ]2.10e-06
Methyl chloride Signal, Illumination, Red Star M158 0.00e+00 J1.30e-06 1.30e-06 |1.30e-06 [1.10e-06
Methyl chloride Tritonal surrogate 7.40e-07 3.70e-07 0.00e+00 S5.60e-07 5.60e-07
Methyl chloride Tritonal surrogate with calcium stearate 3.70e-07 3.60e-07 3.70e-07 |3.70e-07
Methyl chloride [Tritonal surrogate with water 3.70e-06 |3.70e-06 4.10e-06 3.80e-06 3.80e-06
Methyl chloride [TNT (ACC1) 0.00e+00 0.00e+00 ]1.70e-06
Methyl chloride TNT (ACC2) 0.00e+00 0.00e+00 [6.70e-07
Methyl chloride T4ASE7 Adapter Booster 2.20e-06 2.20e-06 ]3.20e-06
Methyl chloride 20 mm HEI Cartridge 1.30e-06 1.30e-06 ]3.50e-06
Methyl chloride 40 mm HEI Cartridge 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Methyl chloroform JAmatol surrogate 3.70e-07 |3.70e-07 0.00e+00 §3.70e-07 [1.70e-06
Methyl chloroform jAmatol surrogate with water 3.70e-07 }0.00e+00 3.70e-07 ]3.70e-07 ]1.70e-06
Methyl chloroform Cartridge, Impulse, ARD 446-1 0.00e+00 [0.00e+00 1.20e-06 {1.20e-06 {1.80e-06
Methyl chloroform Cartridge, Impulse, BBU-36/B 0.00e+00 J0.00e+00 0.00e+00 [0.00e+00 [|2.60e-06
Methyl chloroform Cartridge, Impulse, MK 107 0.00e+00 {0.00e+00 0.00e+00 ]0.00e+00 ]1.80e-06
Methyl chloroform Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 [0.00e+00 }0.00e+00
Methyl chloroform Detonating train 0.00e+00 10.00e+00 0.00e+00 ]0.00e+00 ]2.20e-06
Methyl chloroform |JFlare, IR Countermeasure M206 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 11.60e-06
Methyl chloroform lFuze, Tail Bomb FMU-139 A/B 1.20e-05 |]1.80e-05 1.80e-05 (1.60e-05 ]1.90e-05
Methyl chloroform lFuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]1.90e-06
Methyl chloroform lGas Generator, GGU-2/A 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 ]2.90e-06
IMethyl chloroform I§§§ surrogate 3.70e-07 J4.10e-07 3.70e-07 13.80e-07 |1i.90e-06
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Methyl chloroform Mine, Claymore, M18Al 2.30e-06 2.30e-06 [|4.60e-06
Methyl chloroform Signal, Illumination, Red Star AN-M43A2 0.00e+00 {0.00e+00 0.00e+00 |0.00e+00 1.60e-06
Methyl chloroform Signal, Illumination, Red Star M158 0.00e+00 ]0.00e+00 0.00e+00 |0.00e+00 1.70e-06
Methyl chloroform Tritonal surrogate 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 ]1.60e-06
Methyl chloroform Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 ]0.00e+00 |1.80e-06
Methyl chloroform Tritonal surrogate with water 3.70e-07 10.00e+00 3.70e-07 [3.70e-07 J1.70e-06
Methyl chloroform 'TNT (ACCl) 0.00e+00 0.00e+00 6.60e-06
Methyl chloroform TNT (ACC2) 0.00e+00 0.00e+00 ]1.80e-06
Methyl chloroform T4SE7 Adapter Booster 0.00e+00 0.00e+00 |5.60e-06
Methyl chloroform 20 mm HEI Cartridge 3.30e-06 3.30e-06 |1.40e-05
Methyl chloroform 40 mm HEI Cartridge 0.00e+00 0.00e+00 {2.10e-0S5
Methylcyclohexane Amatol surrogate 7.50e-07 ]2.20e-06 4.50e-06 [2.50e-06 |4.40e-06
Methylcyclohexane Amatol surrogate with water 4.50e-06 J1.20e-05 7.40e-06 |8.00e-06 ]1.10e-05
Methylcyclohexane Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 0.00e+00 J]0.00e+00 ]O.00e+00
Methylcyclohexane Cartridge, Impulse, BBU-36/B 5.40e-07 2.80e-07 0.00e+00 4.10e-07 1.60e-06
Methylcyclohexane Cartridge, Impulse, MK 107 7.90e-07 ]0.00e+00 2.60e-07 5.20e-07 9.60e-07
Methylcyclohexane Composition B surrogate 2.20e-06 3.00e-06 1.80e-06 ]2.30e-06 []4.10e-06
Methylcyclohexane Detonating train 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Methylcyclohexane JFlare, IR Countermeasure M206 0.00e+00 ]0.00e+00 3.40e-07 [|3.40e-07 §6.80e-07
Methylcyclohexane IFuze, Tail Bomb FMU-139 A/B 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 JO.00e+00
Methylcyclohexane Fuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 [0.00e+00 J0.00e+00
Methylcyclohexane Gas Generator, GGU-2/A 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 ]O.00e+00
Methylcyclohexane HBX surrogate 4.40e-06 |7.00e-06 7.10e-06 6.10e-06 1.00e-05
Methylcyclohexane [Mine, Claymore, M18Al 5.40e-06 ]5.90e-06 4.70e-06 ]5.30e-06 6.30e-06
Methylcyclchexane Isignal , Illumination, Red Star AN-M43A2 0.00e+00 ]0.00e+00 0.00e+00 0.00e+00 JO.00e+00
Methylcyclohexane |signal, rllumination, Red Star M158 3.50e-07 ]0.00e+00 0.00e+00 ]3.50e-07 |7.00e-07
Methylcyclchexane Tritonal surrogate 4.80e-06 [5.90e-06 1.00e-05 |7.00e-06 |1.40e-05
Methylcyclohexane Tritonal surrogate with calcium stearate 0.00e+00 4.40e-06 |4.40e-07 (6.20e-06
Methylcyclochexane Tritonal surrogate with water 4.90e-06 ]5.10e-06 9.40e-06 [}6.50e-06 ]1.10e-05
Methylcyclohexane TNT (ACC1) 9.20e-06 §9.60e-07 0.00e+00 }5.10e-06 |4.30e-06
Methylcyclohexane 'TNT (ACC2) 0.00e+00 0.00e+00 §3.70e-07
Methylcyclohexane T4SE7 Adapter Booster 2.40e-06 |2.90e-06 3.50e-06 [2.90e-06 4.10e-06
Methylcyclohexane 20 mm HEI Cartridge 1.40e-06 §2.90e-06 4.10e-06 []2.80e-06 |5.80e-06
Methylcyclohexane 40 mm HEI Cartridge 2,50e-06 [0.00e+00 0.00e+00 [2.50e-06 1.40e-05
Methylcyclopentane jJAmatol surrogate 0.00e+00 ]JO.00e+00 3.70e-07 |1.90e-07 }5.00e-07
Methylcyclopentane |Amatol surrogate with water 4.80e-06 |1.20e-05 3.00e-06 ]6.60e-06 |]8.90e-06
Methylcyclopentane Cartridge, Impulse, ARD 446-1 1.00e-06 ]2.60e-07 5.00e-07 6.00e-07 1.70e-06
Methylcyclopentane Cartridge, Impulse, BBU-36/B 0.00e+00 [1.10e-06 0.00e+00 [1.10e-06 J1.90e-06
Methylcyclopentane Cartridge, Impulse, MK 107 0.00e+00 }5.30e-07 0.00e+00 [5.30e-07 ]7.70e-07
Methylcyclopentane Composition B surrogate 0.00e+00 ]0.00e+00 3.60e-07 §3.60e-07 ]4.90e-07
Methylcyclopentane Detonating train 2.90e-07 0.00e+00 0.00e+00 ]2.90e-07 {1.70e-06
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Methylcyclopentane

Flare, IR Countermeasure M206

0.00e+00 ]3.40e-07 0.00e+00 [3.40e-07 ]4.50e-07
Methylcyclopentane Fuze, Tail Bomb FMU-139 A/B 4.90e-07 }0.00e+00 0.00e+00 ]4.90e-07 [4.90e-07
Methylcyclopentane Fuze, Tail Bomb FMU-54 A/B 0.00e+00 §3.00e-07 0.00e+00 |3.00e-07 }8.00e-07
Methylcyclopentane Gas Generator, GGU-2/A 2.40e-06 |}5.90e-07 0.00e+00 |]1.50e-06 }1.80e-06
Methylcyclopentane {HBX surrogate 3.70e-07 8.20e-07 7.40e-07 6.40e-07 [2.40e-06
Methylcyclopentane [Mine, Claymore, M18Al 1.40e-05 |1.50e-05 1.80e-05 ]1.60e-05 J1.70e-05
Methylcyclopentane ISignal, Illumination, Red Star AN-M43A2 0.00e+00 [3.50e-07 0.00e+00 3.50e-07 |7.00e-07
Methylcyclopentane ISignal, Illumination, Red Star M158 1.10e-06 0.00e+00 0.00e+00 }1.10e-06 8.20e-07
Methylcyclopentane Tritonal surrogate 7.40e-07 |3.70e-07 0.00e+00 {§5.60e-07 [3.50e-06
Methylcyclopentane Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 0.00e+00 ]2.90e-06
Methylcyclopentane Tritonal surrogate with water 0.00e+00 |]0.00e+00 7.50e-07 17.50e-07 ]4.70e-06
Methylcyclopentane TNT (ACCl) 9.20e-07 |4.80e-07 0.00e+00 |]7.00e-07 §1.60e-06
Methylcyclopentane TNT (ACC2) 3.70e-07 3.70e-07 {7.40e-07
Methylcyclopentane T45E7 Adapter Booster 1.20e-06 12.90e-06 4.60e-06 |2.90e-06 |4.70e-06
Methylcyclopentane 20 mm HEI Cartridge 7.00e-07 {2.90e-06 4.80e-06 [2.80e-06 ]7.70e-06
Methylcyclopentane 40 rm HEI Cartridge 9.10e-06 0.00e+00 0.00e+00 9.10e~06 ]1.60e-05
Methylenechloride |]Amatol surrogate 1.50e-04 2.00e-04 1.10e-04 1.50e-04 2.00e-04
Methylenechloride |JAmatol surrogate with water 2.10e-04 |2.00e-04 2.20e-04 [2.10e-04 ]2.60e-04
Methylenechloride Cartridge, Impulse, ARD 446-1 1.30e-05 }13.20e-05 1.10e-04 }5.00e-05 ]1.90e-04
Methylenechloride Cartridge, Impulse, BBU-36/B 8.20e-06 }3.00e-04 2.10e-04 §1.70e-04 }]1.10e-03
Methylenechloride Cartridge, Impulse, MK 107 6.30e-04 [3.10e-05 2.00e-05 §2.30e-04 ]9.30e-04
Methylenechloride Composition B surrogate 0.00e+00 [3.70e-07 2.80e-04 1.40e-04 1.90e-06
Methylenechloride Detonating train 0.00e+00 5.00e-0S 3.50e-05 4.20e-05 5.60e-04
Methylenechloride {Flare, IR Countermeasure M206 4.80e-04 |3.80e-04 3.80e-04 |4.10e-04 ]1.90e-03
Methylenechloride IFuze, Tail Bomb FMU-139 A/B 1.20e-04 ]1.60e-04 S.50e-05 ]1.10e-04 ]8.60e-04
Methylenechloride I!-‘uze, Tail Bomb FMU-54 A/B 0.00e+00 |]7.10e-04 7.80e-04 ]7.40e-04 [2.40e-03
Methylenechloride IGas Generator, GGU-2/A 2.80e-04 ]7.00e-05 2.30e-03 ]18.70e-04 ]2.90e-03
Methylenechloride IHBX surrogate 0.00e+00 ]0.00e+00 2.70e-04 2.70e-04 2.80e-04
Methylenechloride IMine, Claymore, M18Al 1.10e-04 1.10e-04 11.10e-04
Methylenechloride Isignal, Illumination, Red Star AN-M43A2 0.00e+00 8.10e-06 0.00e+00 |8.10e-06 3.30e-04
Methylenechloride Signal, Illumination, Red Star M158 1.00e-04 9.60e-05 1.00e-04 1.00e-04 3.20e-04
Methylenechloride Tritonal surrogate 3.40e-06 [4.80e-05 2.50e-06 ]1.80e-05 J1.80e-0S
Methylenechloride Tritonal surrogate with calcium stearate 6.30e-06 3.10e-04 }J1.60e-04 ]1.60e-04
Methylenechloride Tritonal surrogate with water 0.00e+00 |8.80e-06 1.10e-06 [5.00e-06 [6.70e-06
Methylenechloride TNT (ACC1) 1.80e-04 1.80e-04 ]12.40e-04
Methylenechloride TNT (ACC2) 0.00e+00 0.00e+00 J2.70e-04
Methylenechloride T4SE7 Adapter Booster 5.00e-04 5.00e-04 5.90e-04
Methylenechloride 20 mm HEI Cartridge 4.50e-04 4.50e-04 ]9.00e-04
Methylenechloride 40 mm HEI Cartridge 8.70e-04 8.70e-04 |1.40e-03
NO Amatol surrogate 2.20e-04 |]1.40e-02 1.70e-02 §1.80e-02
NO Amatol surrogate with water 7.60e-03 7.50e-03 8.00e-03 7.70e-03
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NO Cartridge, Impulse,:ARD 446-1 6.50e-03 6.20e-03 6.50e-03 6.40e-03
NO Cartridge, Impulse, BBU-36/B 5.30e-03 ]3.50e-03 3.30e-03 {4.00e-03
NO Cartridge, Impulse, MK 107 1.70e-02 }1.40e-02 | 1.30e-02 {1.50e-02
NO Composition B surrogate 9.20e-03 |8.90e-03 9.70e-03 |9.30e-03
NO Detonating train 6.80e-03 ]3.60e-03 4.30e-03 ]4.90e-03
NO JFlare, IR Countermeasure M206 4.90e-03 }6.00e-03 5.10e-03 ]5.30e-03
NO JFuze, Tail Bomb FMU-139 A/B 9.80e-03 |1.00e-02 9.80e-03 ]9.90e-03
NO ll-‘uze, Tail Bomb FMU-54 A/B 7.30e-03 ]6.90e-03 6.90e-03 ]7.00e-03
NO Gas Generator, GGU-2/A 1.50e-03 ]1.30e-03 1.90e-03 11.60e-03
NO HBX surrogate 9.30e-03 |]9.80e-03 1.00e-02 ]9.90e-03
NO JSignal, Illumination, Red Star AN-M43A2 1.20e-02 |1.50e-02 1.10e-02 {1.30e-02
NO Signal, Illumination, Red Star M158 2.60e-03 2.70e-03 2.70e-03 2.60e-03
NO Tritonal surrogate 1.30e-03 1.70e-02 S5.90e-03 8.20e-03
NO Tritonal surrogate with calcium stearate 6.50e-03 6.70e-03 6.60e-03
NO Tritonal surrogate with water 4.30e-03 }3.90e-03 3.80e-03 {4.00e-03
NO TNT (ACC2) 9.20e-03 9.20e-03
NO TNT (Sandia) 9.80e-03 ]1.00e-02 9.20e-03 §9.70e-03
NO2 |]Amatol surrogate 3.40e-04 1.80e-04 4.20e-04 1.20e-04
NO2 [Amatol surrogate with water 2.00e-04 ]2.10e-04 2.90e-04 [2.40e-04
NO2 Cartridge, Impulse, ARD 446-1 1.90e-03 1.60e-03 1.70e-03 1.70e-03
NO2 Cartridge, Impulse, BBU-36/B 1.50e-03 1.70e-03 1.30e-03 1.50e-03
NO2 Cartridge, Impulse, MK 107 7.70e-04 5.40e-04 5.30e-04 6.10e-04
NO2 Composition B surrogate 1.10e-04 1.70e-04 3.00e-04 1.90e-04
NO2 Detonating train 8.10e-03 3.30e-03 1.90e-03 4.40e-03
NO2 JFlare, IR Countermeasure M206 2.60e-03 |]3.10e-03 2.80e-03 |2.80e-03
NO2 l!-‘uze, Tail Bomb FMU-139 A/B 1.70e-02 ]1.70e-62 1.70e-02 ]1.70e-02
oz lFuze, Tail Bomb FMU-54 A/B 2.40e-03 ]2.50e-03 2.60e-03 [2.50e-03
NO2 lGas Generator, GGU-2/A 2.60e-03 ]2.40e-03 2.30e-03 [2.40e-03
NO2 IHBx surrogate 5.90e-05 ]4.00e-05 3.40e-05 ]4.40e-05
NO2 lsignal , Illumination, Red Star AN-M43A2 9.80e-04 ]1.30e-03 1.00e-03 }§1.10e-03
NO2 Isignal, Illumination, Red Star M158 1.40e-03 {1.60e-03 1.60e-03 [1.50e-03
NO2 Tritonal surrogate 2.50e-04 1.90e-04 1.80e-05 1.50e-04
NO2 Tritonal surrogate with calcium stearate 3.00e-05 5.90e-05 ]4.50e-05
NO2 Tritonal surrogate with water 2.60e-04 [1.50e-04 3.90e-04 ]2.70e-04
NO2 TNT (ACC2) 6.60e-05 6.60e-05
NO2 TNT (Sandia) 3.90e-04 [9.60e-04 9.20e-04 [7.60e-04
0OCDD Signal, Illumination, Red Star AN-M43A2 8.30e-10 ]1.60e-09 2.90e-03 |1.80e-09 {1.80e-09
Propane |Amatol surrogate 1.10e-06 7.50e-07 1.10e-06 1.00e-06 1.40e-06
Propane [Amatol surrogate with water 1.40e-04 {2.40e-04 1.70e-04 1.90e-04 1.90e-04
Propane Cartridge, Impulse, ARD 446-1 £.20e-06 5.40e-06 5.50e-06 5.70e-06 1.00e-0S
Propane Cartridge, Impulse, BBU-36/B 2.70e-06 13.90e-06 3.90e-06_|3.50e-06 8.50e-06

113




114

Propane Cartridge, Impulse, MK 107 0.00e+00 {1.30e-06 1.60e-06 |]1.40e-06 |5.20e-06
Propane Composition B surrogate 7.40e-07 |0.00e+00 [ 7.30e-07 |]7.40e-07 ]1.40e-06
Propane Detonating train 4.70e-06 4.50e-06 4.80e-06 4.70e-06 1.10e-05
Propane IFlare, IR Countermeasure M206 0.00e+00 |6.80e-07 2.00e-06 [1.40e-06 [|3.90e-06
Propane Fuze, Tail Bomb FMU-139 A/B 4.40e-06 [3.40e-06 3.90e-06 {3.90e-06 |7.90e-06
Propane Fuze, Tail Bomb FMU-54 A/B 8.90e-07 |1.80e-06 1.80e-06 |1.50e-06 |6.00e-06
Propane Gas Generator, GGU-2/A 7.70e-06 |7.10e-06 8.50e-06 [|7.70e-06 ]1.10e-05
Propane HBX surrogate 1.50e-06 [4.10e-07 7.40e-07 8.70e-07 ]2.20e-06
Propane Mine, Claymore, M18Al 3.40e-06 ]4.40e-06 2.80e-06 [3.60e-06 ]9.80e-06
Propane Signal, Illumination, Red Star AN-M43A2 1.70e-06 ]3.50e-06 2.40e-06 [2.60e-06 [|4.60e-06
Propane Signal, Illumination, Red Star M158 6.00e-06 |5.30e-06 3.10e-06 |4.80e-06 [8.00e-06
Propane Tritonal surrogate 0.00e+00 }7.40e-07 7.30e-07 [7.30e-07 ]1.20e-06
Propane Tritonal surrogate with calcium stearate 0.00e+00 3.60e-07 ]3.60e-07 J2.20e-06
Propane Tritonal surrogate with water 5.20e-05 15.00e-0S 6.30e-05 5.50e-05 [}5.70e-05
Propane TNT (ACC1) 0.00e+00 ]0.00e+00 0.00e+00 [0.00e+00 ]9.50e-07
Propane TNT (ACC2) 3.70e-07 3.70e-07 1.50e-06
Propane TASE? Adapter Booster 1.50e-05 [|8.20e-06 8.60e-06 [1.10e-05 ]2.10e-05
Propane 20 mm HEI Cartridge 9.10e-06 6.50e-06 2.40e-05 [1.30e-05 [}2.30e-05
Propane 40 mm HEI Cartridge 1.70e-06 5.00e-06 4.90e-06 3.80e-06 1.50e-05S
Propene |JAmatol surrogate 6.70e-06 ]3.40e-06 6.30e-06 [|5.50e-06 |5.80e-06
Propene |]Amatol surrogate with water 2.60e-04 4.90e-04 3.40e-04 ]3.60e-04 3.60e-04
Propene iCartridge, Impulse, ARD 446-1 6.70e-05 5.50e-05 5.70e-05 6.00e-05 8.70e-05
Propene Cartridge, Impulse, BBU-36/B 4.30e-05 ]4.60e-05 5.80e-05 [4.90e-05 {9.70e-05
Propene Cartridge, Impulse, MK 107 2.80e-05 2.60e-05 2.40e-05 2.60e-05 3.80e-05
Propene Composition B surrogate 3.70e-06 1.10e-06 4.40e-06 [|3.10e-06 [4.10e-06
Propene Detonating train 7.50e-05 7.10e-05 7.10e-05 [7.30e-05 }1.10e-04
Propene |Flare, IR Countermeasure M206 2.20e-05 ]2.00e-05 2.60e-05 |2.20e-05 |]2.30e-05
Propene lFuze, Tail Bomb FMU-139 A/B 5.90e-05 |6.30e-05 5.50e-05 |5.90e-05 }5.90e-05
Propene Fuze, Tail Bomb FMU-54 A/B 3.80e-05 [5.20e-05 3.90e-05 }4.30e-05 ]4.30e-05
Propene as Generator, GGU-2/A 6.90e-05 ]6.80e-05 7.80e-05 |7.20e-05 ]7.30e-05
Propene HBX surrogate 8.40e-06 |]7.80e-06 1.20e-05 []9.40e-06 |9.90e-06
Propene [Mine, Claymore, M18Al 2.10e-05 }2.70e-05 2.60e-05 ]2.40e-05 ]2.50e-05
Propene ISignal, Illumination, Red Star AN-M43A2 3.20e-05 ]3.90e-05 3.40e-05 ]3.50e-05 {3.50e-05
Propene Isignal, Illumination, Red Star M158 6.00e-05 |S5.80e-05 5.00e-05 |5.60e-05 }5.60e-05
Propene Tritonal surrogate 2.60e-06 ]1.50e-06 5.40e-06 [3.20e-06 J3.60e-06
Propene Tritonal surrogate with calcium stearate 8.10e-06 4.00e-06 |6.10e-06 ]6.60e-06
Propene Tritonal surrogate with water 1.70e-04 ]1.20e-04 1.80e-04 |]1.60e-04 |]1.60e-04
Propene TNT (ACC1) 7.80e-06 [|8.10e-06 5.80e-06 7.20e-06 |7.70e-06
Propene TNT (ACC2) 4.10e-06 4.10e-06 |4.10e-06
Propene T4SE7 Adapter Booster 2.00e-04 [1.60e-04 1.30e-04 }1.60e-04 |1.60e-04
Propene 20 mm HEI Cartridge 6.20e-05 {14.00e-05 5.00e-05 ]5.10e-05 |]7.20e-05




Propene 40 mm HEI Cartridge 1.80e-05 |]1.70e-05 1.20e-05 §1.60e-05 |2.40e-05
PETN Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 10.00e+00
PETN Cartridge, Impulse, BBU-36/B 0.00e+00 }9.30e-04 2.30e-04 |]5.80e-04 |]5.80e-04
PETN Cartridge, Impulse, MK 107 2.30e-05 ]1.10e-04 1.80e-05 [5.10e-05 ]7.60e-05
PETN Detonating train 5.60e-04 ]7.30e-04 4.10e-04 ]5.60e-04 ]8.80e-04
PETN |[Flare, IR Countermeasure M206 2.40e~-06 [1.90e-06 4.00e-07 ]1.60e-06 ]2.10e-06
PETN Fuze, Tail Bomb FMU-139 A/B 2.60e-05 ]1.50e-05 8.90e-06 {1.70e-05 |[1.90e-0S
PETN Fuze, Tail Bomb FMU-54 A/B 1.20e-05 ]1.10e-05 5.80e-06 |9.60e-06 ]1.40e-05
PETN Gas Generator, GGU-2/A 1.10e-04 []2.90e-05 1.10e-05 ]4.90e-05 }6.30e-05
PETN ]signal, Illumination, Red Star AN-M43A2 1.70e-05 [|8.20e-06 1.10e-05 }1.20e-05 ]1.20e-05
PETN lSignal, Illumination, Red Star M158 1.30e-05 |S5.60e-06 6.10e-06 |8.40e-06 [8.40e-06.
PETN TNT (ACC2) 0.00e+00 10.00e+00 0.00e+00 JO.00e+00 }0.00e+00
PM10 iAmatol surrogate 1.50e-02 ]2.10e-02 2.00e-02 |1.90e-02

PM10 [Amatol surrogate with water 2.40e-02 ]3.10e-02 4.00e-02 3.20e-02

PM10 Cartridge, Impulse, ARD 446-1 8.30e-02 |1.20e-01 8.60e-02 ]8.30e-02

PM10 Cartridge, Impulse, BBU-36/B 1.60e-01 [1.90e-01 1.90e-01 §1.80e-01

PM10 Cartridge, Impulse, MK 107 2.40e-01 ]2.60e-01 2.50e-01 ]2.50e-01

PM10 Composition B surrogate 1.00e-02 1.10e-02 1.50e-02 1.20e-02

PM10 Detonating train 3.60e-02 ]4.00e-02 3.20e-02 ]3.60e-02

PM10 Flare, IR Countermeasure M206 4.90e-01 }5.90e-01 5.80e-01 |5.50e-01

PM10 IFuze, Tail Bomb FMU-139 A/B 6.50e-01 ]5.60e-01 5.90e-01 ]6.00e-01

PM10 Fuze, Tail Bomb FMU-54 A/B 3.10e-01 ]3.40e-01 3.40e-01 [3.30e-01

PM10 |Gas Generator, GGU-2/A 9.80e-02 |9.20e-02 8.90e-02 ]9.30e-02

PM10 HBX surrogate 6.80e-02 3.70e-02 4.40e-01 1.80e-01

PM10 IMine, Claymore, M18A1 2.40e-01 [2.30e-01 2.10e-01 |2.30e-01

PM10 Isignal, Illumination, Red Star AN-M43A2 4.30e-01 |4.50e-01 4.80e-01 ]4.50e-01

PM10 Isignal, Illumination, Red Star M158 9.20e-02 |8.30e-02 7.20e-02 [|8.20e-02

PM10 Tritonal surrogate 6.30e-01 }2.50e-01 2.20e-01 [3.70e-01

PM10 Tritonal surrogate with calcium stearate 2.30e-01 3.00e-01 2.60e-01

PM10 Tritonal surrogate with water ) 1.10e-01 }2.20e-01 2.30e-01 1.90e-01

PM10 TNT (ACC1) 7.20e~02 ]7.30e-02 7.50e-02 |7.30e-02

PM10 'TNT (ACC2) 9.30e-02 9.30e-02

PM10 T4SE7 Adapter Booster 2.40e-01 ]2.70e-01 2.70e-01 }2.60e-01

PM10 40 mm HEI Cartridge 4.70e-01 ]4.80e-01 4.50e-01 |4.70e-01

RDX Cartridge, Impulse, ARD 446-1 2.30e-03 1.20e-02 1.10e-02 8.40e-04 1.20e-03
RDX Cartridge, Impulse, BBU-36/B 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 |3.10e~04
RDX Cartridge, Impulse, MK 107 1.70e-04 |1.80e-04 1.50e-04 ]1.70e-04 12.40e-04
RDX Detonating train 1.10e-02 ]7.90e-03 3.70e-03 ]7.40e-03 [1.20e-02
RDX |Flare, IR Countermeasure M206 8.70e-05 |5.40e-05 3.80e-05 6.00e-05 |6.20e-05
RDX lFuze, Tail Bomb FMU-139 A/B 3.50e-04 ]3.80e-04 3.00e-04 [3.40e-04 |3.40e-04
RDX |Fuze‘ Tail Bomb FMU-54 A/B 9.70e-05 {9.20e-05 8.00e-05 ]9.00e-05 ]1.30e-04
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lGas Generator, GGU-2/A

RDX 2.10e-04 [|1.10e-04 1.00e-04 {§1.40e-04 [1.60e-04
RDX Mine, Claymore, M18Al 1.00e-05 6.50e-07 1.90e-05 9.90e-06 1.20e-05
RDX Signal, Illumination, Red Star AN-M43A2 1.50e-04 ]2.00e-04 2.30e-04 ]1.90e-04 J]1.90e-04
RDX Signal, Illuminatjon, Red Star M158 5.20e-05 |5.40e-05 6.00e-05 }5.50e-05 |6.70e-05
RDX TNT (ACC1) 1.40e-06 [1.30e-06 9.70e-07 {1.20e-06 ]2.10e-06
RDX TNT (ACC2) 9.60e-06 9.60e-06 ]1.00e-05
RDX T45E7 Adapter Booster 2.50e-04 [2.90e-04 1.80e-04 |2.40e-04 [2.80e-04
RDX 20 mm HEI Cartridge 1.30e-05 1.50e-05 7.10e-06 1.20e-05 ]3.00e-05
RDX 40 mm HEI Cartridge 2.60e-05 ]3.30e-05 5.20e-05 3.70e-05 ]3.20e-05
Styrene Amatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 {0.00e+00 JO.00e+00
Styrene jAmatol surrogate with water 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00"
Styrene Cartridge, Impulse, ARD 446-1 6.70e-06 4.10e-06 5.20e-06 ]5.40e-06 }5.40e-06
Styrene Cartridge, Impulse, BBU-36/B 2.40e-06 [2.80e-06 5.60e-06 §3.60e-06 |3.60e-06
Styrene Cartridge, Impulse, MK 107 9.50e-06 [|9.50e-06 9,20e-06 9.40e-06 [1.40e-05
Styrene Composition B surrogate 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Styrene Detonating train 4.10e-06 [3.00e-06 5.10e-06 }4.10e-06 }4.10e-06
Styrene JFlare, IR Countermeasure M206 7.60e-06 14.10e-06 9.50e-06 }7.10e-06 |7.80e-06
Styrene lFuze, Tail Bomb FMU-139 A/B 3.20e-05 }2.70e-05 3.00e-05 12.90e-05 [3.10e-05
Styrene IFuze, Tail Bomb FMU-54 A/B 5.60e-06 19.80e-06 7.90e-06 |}7.80e-06 |1.10e-05
Styrene IGas Generator, GGU-2/A 7.70e-06 8.80e-06 8.50e-06 8.30e-06 [9.10e-06
Styrene IHBX surrogate 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Styrene IMine, Claymore, M18A1l 2.10e-03 1.40e-03 1.50e-03 1.70e-03 1.70e-03
Styrene lsignal, Illumination, Red Star AN-M43A2 6.20e-06 [4.90e-06 2.40e-06 4.50e-06 15.40e-06
Styrene Signal, Illumination, Red Star M158 2.10e-06 ]3.50e-06 1.00e-06 ]2.20e-06 [|2.60e-06
Styrene Tritonal surrogate 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Styrene Tritonal surrogate with calcium stearate 0.00e+00 {0.00e+00 0.00e+00 10.00e+00 J0.00e+00
Styrene Tritonal surrogate with water 0.00e+00 [0.00e+00 0.00e+00 [0.00e+00 [0.00e+00
Styrene TNT (ACC1) 0.00e+00 §0.00e+00 0.00e+00 10.00e+00 ]0.00e+00
Styrene TNT (ACC2) 1.50e-06 1.50e-06 ]1.50e-06
Styrene T4SE7 Adapter Booster 2.30e-04 [7.40e-05 3.70e-05 1.20e-04 [1.30e-04
Styrene 20 mm HEI Cartridge 0.00e+00 ]3.60e-06 0.00e+00 13.60e-06 §3.60e-06
Styrene 40 mm HEI Cartridge 4.20e-05 ]0.00e+00 0.00e+00 4.20e-05 [¢&.20e-05
S02 [Amatol surrogate 3.20e-04 [2.10e-04 '2.50e-04 [2.60e-04

S02 [Amatol surrogate with water 1.10e-04 f1.70e-04 1.10e-04 ]1.30e-04

S02 Cartridge, Impulse, ARD 446-1 2.30e~-04 ]2.30e-04 2.60e-04 §2.40e-04

S02 Cartridge, Impulse, BBU-36/B 3.80e-04 |4.00e-04 4.20e-04 |4.00e-04

S02 Cartridge, Impulse, MK 107 3.00e-04 ]2.40e-04 2.30e-04 ]2.60e-04

502 Composition B surrogate 1.40e-04 ]1.40e-04 1.10e-04 1.30e-04

S02 Detonating train 6.70e-04 |3.20e-04 3.70e-04 ]4.60e-04

S02 Flare, IR Countermeasure M206 5.80e-04 ]1.20e-03 1.30e-03 ]1.00e-03

502 Fuze, Tail Bomb FMU-139 A/B 1.40e-03 ]1.30e-03 1.40e-03 J1.40e-03
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S02

Fuze, Tail Bomb FMU-54 A/B 4.80e-04 [|3.60e-04 3.80e-04 ]4.10e-04
s02 Gas Generator, GGU-2/A 3.40e-04 ]4.50e-04 3.90e-04 ]4.00e-04
So2 HBX surrogate 1.00e-04 [1.10e-03 1.90e-03 ]1.10e-03
502 Signal, Illumination, Red Star AN-M43A2 1.30e-02 |]1.30e-02 1.30e-02 |1.30e-02
$02 Signal, Illumination, Red Star M158 2.70e-04 [|2.40e-05 4.10e-05 ]1.10e-04
502 Tritonal surrogate 1.20e-04 ]2.80e-04 7.80e-05 ]|1.60e-04
$02 Tritonal surrogate with calcium stearate 1.80e-04 6.70e-05 1.20e-04
S02 Tritonal surrogate with water 2.60e-05 ]5.70e-05 5.90e-05 ]4.70e-05
502 TNT (ACC2) 1.40e-04 1.40e-04
S02 TNT (Sandia) 1.90e-04 |1.20e-04 1.10e-04 §1.40e-04
Tetrachloroethylene Amatol surrogate 3.70e-07 ]3.70e-07 0.00e+00 ]3.70e-07 {3.70e-07
Tetrachloroethylene Amatol surrogate with water 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Tetrachloroethylene Cartridge, Impulse, ARD 446-1 2.20e-05 |5.90e-05 2.80e-05 3.60e-05 ]8.30e-05
Tetrachloroethylene Cartridge, Impulse, BBU-36/B 3.20e-06 ]1.60e-06 0.00e+00 ]2.40e-06 ]6.40e-06
Tetrachloroethylene Cartridge, Impulse, MK 107 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Tetrachloroethylene Composition B surrogate 2.10e-05 ]1.90e-05 1.40e-05 }1.80e-05 [3.50e-05
Tetrachloroethylene Joetonating train 1.20e-05 |]1.20e-05 1.00e-05 {1.10e-05 |3.40e-05
Tetrachloroethylene IFlare, IR Countermeasure M206 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Tetrachloroethylene IF‘uze. Tail Bomb FMU-139 A/B 0.00e+00 ]0.00e+00 0.00e+00 §0.00e+00 ]0.00e+00
Tetrachloroethylene |Fuze, Tail Bomb FMU-54 A/B 0.00e+00 ]0.00e+00 0.00e+00 10.00e+00 [0.00e+00
Tetrachloroethylene Gas Generator, GGU-2/A 7.00e-06 |7.00e-06 3.60e-06 |5.90e-06 [5.90e-06
Tetrachloroethylene HBX surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Tetrachloroethylene 1Mine, Claymore, M18Al 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Tetrachloroethylene lSignal , Illumination, Red Star AN-M43A2 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Tetrachloroethylene ISignal , Illumination, Red Star M158 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Tetrachloroethylene Tritonal surrogate 1.90e-06 ]3.30e-06 2.90e-06 |2.70e-06 }4.10e-06
Tetrachloroethylene Tritonal surrogate with calcium stearate 3.70e-07 3.60e-07 |3.70e-07 }7.30e-07
Tetrachloroethylene Tritonal surrogate with water 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Tetrachloroethylene TNT (ACCl) 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Tetrachloroethylene TNT (ACC2) 0.00e+00 ]0.00e+00 0.00e+00 [0.00e+00 ]0.00e+00
Tetrachloroethylene T45E7 Adapter Booster 0.00e+00 {0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Tetrachloroethylene 20 mm HEI Cartridge 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Tetrachloroethylene 40 mm HEI Cartridge 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]O.00e+00
Titanium Amatol surrogate 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Titanium |Amatol surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 J§0.00e+00 [0.00e+00
Titanium Cartridge, Impulse, ARD 446-1 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Titanium Cartridge, Impulse, BBU-36/B 0.00e+00 ]0.00e+00 0.00e+00 |]0.00e+00 ]0.00e+00
Titanium Cartridge, Impulse, MK 107 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Titanium Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Titanium Detonating train 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Titanium Flare, IR Countermeasure M206 0.00e+00 10.00e+00 0.00e+00 10.00e+00 ]0.00e+00
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Titanium

Fuze, Tail Bomb FMU-139 A/B

0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 |]0.00e+00
Titanium Fuze, Tail Bomb FMU-54 A/B 0.00e+00 f0.00e+00 ] 0.00e+00 ]0.00e+00 J0.00e+00
Titanium Gas Generator, GGU-2/A 0.00e+00 §0.00e+00 0.00e+00 ]0.00e+00 []0.00e+00
Titanium HBX surrogate 0.00e+00 J0.00e+00 | 0.00e+00 ]0.00e+00 }0.00e+00
Titanium JMine, Claymore, M18Al 1.30e-04 1,.30e-04 [0.00e+00
Titanium Isignal , lllumination, Red Star AN-M43A2 0.00e+00 J0.00e+00 0.00e+00 ]0.00e+00 {0.00e+00
Titanium Isignal, Illumination, Red Star M158 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Titanium [Tritonal surrogate 0.00e+00 ]J0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Titanium Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 }0.00e+00 ]0.00e+00
Titanium Tritonal surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 [0.00e+00 ]0.00e+00
Titanium TNT (ACC1) 0.00e+00 0.00e+00 ]0.00e+00.
Titanium TNT (ACC2) 0.00e+00 0.00e+00 |0.00e+00
Titanium T45E7 Adapter Booster 8.70e-05 8.70e-05 ]8.70e-05
Titanium 20 mm HEI Cartridge 0.00e+00 0.00e+00 ]0.00e+00
Titanium 40 mm HEI Cartridge 0.00e+00 0.00e+00 ]0.00e+00
Toluene Amatol surrogate 1.10e-05 {§3.70e-06 5.20e-06 |]6.70e-06 2.00e-05
Toluene jAmatol surrogate with water 8.10e-05 1.60e-04 1.20e-04 1.20e-04 1.60e-04
Toluene Cartridge, Impulse, ARD 446-1 1.50e-05 §1.50e-0S 2.00e-05 ]1.70e-05 |[5.40e-05
Toluene Cartridge, Impulse, BBU-36/B 1.30e-05 ]7.90e-06 6.40e-06 ]9.10e-06 4.70e-05
Toluene Cartridge, Impulse, MK 107 8.40e-06 9.70e-06 8.90e-06 9.00e~06 2.00e-05
Toluene Composition B surrogate 4.80e-06 }3.70e-06 9.50e-06 ]6.00e-06 2.10e-05
Toluene Detonating train 1.70e-06 ]3.60e-06 7.20e-06 ]4.20e-06 5.70e-0S
Toluene fFlare, IR Countermeasure M206 3.10e-05 }2.30e-05 3.00e-05 |]2.80e-05 }4.10e-05
Toluene [Fuze, Tail Bomb FMU-139 A/B 2.30e-05 ]2.20e-05 2.50e-05 $2.30e-05 }3.00e-05
Toluene Fuze, Tail Bomb FMU-54 A/B 2.00e-05 4.30e-05 3.20e-05 §3.20e-05 S.70e-05
Toluene Gas Generator, GGU-2/A 5.90e-06 (1.90e-05 1.30e-05 [1.30e-05 ]5.40e-05
Toluene HBX surrogate 4.80e-06 §8.20e-07 4.50e-06 ]3.30e-06 ]5.30e-05
Toluene Mine, Claymore, M18Al 1.90e-04 2.50e-04 3.10e-04 2.50e-04 2.60e-04
Toluene Signal, Illumination, Red Star AN-M43A2 2.90e-05 ]2.90e-05 3.00e-05 [3.00e-05 [4.30e-05
Toluene Signal, Illumination, Red Star M158 ) 2.50e-05 [2.40e-05 2.70e-05 ]2.50e~05 }3.90e-05
Toluene Tritonal surrogate 1.90e-06 ]0.00e+00 1.80e-06 ]1.80e-06 6.30e-05
Toluene Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 §0.00e+00 6.40e-05
Toluene Tritonal surrogate with water 1.10e-04 ]3.40e-05 7.90e-05 [7.30e-05 {1.60e-04
Toluene TNT (ACC1) 6.50e-06 ]3.80e-06 0.00e+00 |S5.20e-06 ]1.20e-05
Toluene TNT (ACC2) 1.50e-06 1.50e-06 ]2.10e-05
Toluene T45E7 Adapter Booster 5.50e-05 [4.50e-05 5.60e-05 |5.20e-05 ]7.40e-05
Toluene 20 mm HEI Cartridge 2.80e-05 §3.40e-05 2.90e-05 []3.00e-05 ]6.40e-05
Toluene 40 mm HEI Cartridge 2.60e-05 ]0.00e+00 0.00e+00 ]2.60e-05 ]6.40e-05
Total Alkanes (Paraffins) Amatol surrogate 1.00e-05 Jl1.60e-05 2.10e-05 ]1.60e-05 [|4.10e-05
Total Alkanes (Paraffins) Amatol surrogate with water 1.10e-03 |1.10e-03 1.40e-03 ]1.20e-03 1.40e-03
Total Alkanes (Paraffins) Cartridge, Impulse, ARD 446-1 5.20e-05 [4.10e-05 6.10e-0S {5.10e-05 J1.30e-04
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Total Alkanes (Paraffins) Cartridge, Impulse, BBU-36/B 3.30e-05 ]3.60e-05 4.60e-05 [3.80e-05 ]1.40e-04
Total Alkanes {(Paraffins) Cartridge, Impulse, MK 107 2.90e-06 1.00e-05 7.60e-06 6.90e-06 ]3.90e-05
Total Alkanes (Paraffins) Composition B surrogate 1.30e-05 6.30e-06 1.50e-05 1.10e-05 4.30e-05
Total Alkanes (Paraffins) Detonating train 1.80e-05 |2.80e-05 3.80e-05 |2.80e-05 }1.50e-04
Total Alkanes (Paraffins) Flare, IR Countermeasure M206 8.00e-06 ]0.00e+00 1.20e-05 [|9.90e-06 |3.80e-05
Total Alkanes (Paraffins) Fuze, Tail Bomb FMU-139 A/B 1.30e-05 [2.60e-05 5.30e-06 |1.50e-05 |4.20e-05
Total Alkanes (Paraffins) Fuze, Tail Bomb FMU-54 A/B 2.20e-05 ]2.30e-05 0.00e+00 ]2.20e-05 ]8.90e-05
Total Alkanes (Paraffins) Gas Generator, GGU-2/A 4.50e-05 |5.80e-05 2.70e-05 ]4.30e-05 ]1.70e-04
Total Alkanes (Paraffins) HBX surrogate 2.50e-05 ]8.20e-07 1.70e-05 ]1.40e-05 [1.50e-04
Total Alkanes (Paraffins) Mine, Claymore, M18Al1 6.50e-05 }6.80e-05 8.10e-05 ]7.10e-05 |1.20e-04
Total Alkanes (Paraffins) Signal, Illumination, Red Star AN-M43A2 2.30e-05 19.10e-06 1.20e-05 [1.50e-05 |]3.60e-05
Total Alkanes (Paraffins) Signal, Illumination, Red Star M158 3.70e-05 |]4.10e-05 4.10e-06 ]2.70e-05 6.70e-05
Total Alkanes (Paraffins) Tritonal surrogate 3.70e-06 |0.00e+00 1.60e-05 1.00e~-05 [2.10e-04
Total Alkanes (Paraffins) Tritonal surrogate with calcium stearate 0.00e+00 0.00e+00 }J0.00e+00 ]2.00e-04
Total Alkanes (Paraffins) Tritonal surrogate with water 1.40e-04 ]1.60e-04 3.70e-04 ]2.20e-04 |]S.40e-04
Total Alkanes (Paraffins) TNT (ACC1) 0.00e+00 }0.00e+00 0.00e+00 J0.00e+00 }7.50e-05
Total Alkanes (Paraffins) TNT (ACC2) 3.30e-06 3 3.30e-06 |4.00e-05
Total Alkanes (Paraffins) TNT (Sandia) 1.20e-05 ]8.50e-06 5.40e-06 [8.60e-06

Total Alkanes (Paraffins) T4SE7 Adapter Booster 5.60e-05 |6.70e-05 1.40e-04 |8.70e-05 [|2.10e-04
Total Alkanes (Paraffins) 20 mm HEI Cartridge 1.20e-04 {1.40e-04 2.40e-04 ]1.70e-04 |]3.90e-04
Total Alkanes (Paraffins) 40 mm HEI Cartridge 1.60e-04 0.00e+00 0.00e+00 1.60e-04 4.70e-04
Total Alkenes (Olefins) |]Amatol surrogate 2.50e-04 |7.20e-05 9.60e-05 ]1.40e-04 [1.40e-04
Total Alkenes (Olefins) Amatol surrogate with water 1.30e-03 ]1.40e-03 1.70e-03 }1.50e~03 |1.50e-03
Total Alkenes (Olefins) Cartridge, Impulse, ARD 446-1 8.10e-04 6.20e-04 6.10e-04 6.80e-04 1.00e-03
Total Alkenes (Olefins) Cartridge, Impulse, BBU-36/B 5.10e-04 15.00e-04 6.20e-04 |5.40e-04 [1.10e-03
Total Alkenes (Olefins) Cartridge, Impulse, MK 107 5.60e-04 }4.90e-04 4.10e-04 ]4.80e-04 ]7.10e-04
Total Alkenes (Olefins) Composition B surrogate 2.50e-05 [2.30e-05 5.30e-05 ]3.40e-05 §3.80e-05
Total Alkenes (Olefins) Detonating train 7.70e-04 ]6.40e-04 6.60e~04 [6.90e-04 |1.10e-03
Total Alkenes (Olefins) |JFlare, IR Countermeasure M206 4.40e-04 ]4.30e-04 4.80e-04 J4.50e~-04 |4.60e-04
Total Alkenes (Olefins) IFuze, Tail Bomb FMU-139 A/B 9.20e-04 |1.20e-03 1.20e-03 ]1.10e-03 ]1.10e-03
Total Alkenes (Olefins) I!-‘uze, Tail Bomb FMU-54 A/B 5.40e-04 [9.30e-04 7.50e-04 ]7.40e-04 }9.90e-04
Total Alkenes (Olefins) IGas Generator, GGU-2/A 1.30e-03 ]1.40e-03 1,60e-03 [1.40e-03 [1.50e-03
Total Alkenes (Olefins) IHBX surrogate 8.00e-05 6.70e-05 1.30e-04 9.40e-05 9.90e-05
Total Alkenes (Olefins) IHine, Claymore, M18Al 1.00e-03 [1.40e-03 1.50e-03 ]1.30e-03 ]1.30e-03
Total Alkenes (Olefins) lSignal, Illumination, Red Star AN-M43A2 5.50e-04 ]6.50e-04 S5.90e-04 16.00e-04 [6.00e-04
Total Alkenes (Olefins) lsignal, Illumination, Red Star M1S58 6.40e-04 7.80e-04 4.50e-04 6.20e-04 6.30e-04
Total Alkenes (Olefins) Tritonal surrogate 2.40e-04 ]1.50e-04 8.30e-05 J1.60e-04 |[1.70e-04
Total Alkenes (Olefins) Tritonal surrogate with calcium stearate 7.60e-05 4.70e-05 6.10e-05 6.90e-05
Total Alkenes (Olefins) Tritonal surrogate with water 5.90e-03 }5.50e-03 6.10e-03 ]5.90e-03 [|5.90e-03
Total Alkenes (Olefins) TNT (ACC1) 7.70e-05 ]6.50e-05 3.90e-05 ]6.00e-05 |6.40e-05
Total Alkenes (Olefins) TNT (ACC2) 4.20e-0S 4.20e-05 J4.40e-05
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Total Alkenes (Olefins) TNT (Sandia) 5.00e-06 f1.70e-05 | 1.70e-05 {1.30e-05

Total Alkenes (Olefins) T45E7 Adapter Booster 1.80e-03 {1.30e-03 1.10e-03 ]1.40e-03 [1.40e-03
Total Alkenes (Olefins) 20 mm HEI Cartridge 6.80e-04 [4.60e-04 6.10e-04 ]5.80e-04 [8.20e-04
Total Alkenes (Olefins) 40 mm HEI Cartridge 2.00e-04 |1.50e-04 1.10e-04 ]1.50e-04 [2.40e-04
Total Aromatics jAmatol surrogate 5.80e-05 []2.80e-05 4.20e-05 ]4.30e-05 }B8.30e-05
Total Aromatics IAmatol surrogate with ,water 3.30e-04 |3.70e-04 4.80e-04 ]3.90e-04 ]4.70e-04
Total Aromatics Cartridge, Impulse, ARD 446-1 1.00e-04 ]9.50e-05 1.00e-04 1.00e-04 ]2.40e-04
Total Aromatics Cartridge, Impulse, BBU-36/B 7.40e-05 |6.20e-05 5.70e-05 ]6.40e-05 |2.10e-04
Total Aromatics Composition B surrogate 1.70e-05% 1.80e-05 3.60e-05 (2.40e-05 |7.10e-05
Total Aromatics Detonating train 3.40e-05 |]4.00e-05 4.40e-05 ]3.90e-05 [2.00e-04
Total Aromatics Flare, IR Countermeasure M206 9.10e-05 |7.00e-05 9.70e-05 {8.60e-05 |1.20e-04
Total Aromatics Fuze, Tail Bomb FMU-139 A/B 1.80e-04 |1.80e-04 2.00e-04 ]1.90e-04 [2.10e-04
Total Aromatics Fuze, Tail Bomb FMU-54 A/B 9.90e-05 ]2.40e-04 1.70e-04 ]1.70e-04 ]2.70e-04
Total Aromatics Gas Generator, GGU-2/A 1.20e-04 }1.70e-04 1.80e-04 }1.60e-04 J2.80e-04
Total Aromatics JUBX surrogate 0.00e+00 ]1.10e-05 3.10e-05 ]2.10e-05 {1.50e-04
Total Aromatics ]Hine, Claymore, M18A1l 3.10e-03 }3.00e-03 3.10e-03 ]3.00e-03 §3.10e-03
Total Aromatics ISignal, Illumination, Red Star AN-M43A2 7.00e-05 §7.80e-05 6.80e-05 ]7.20e-05 [1.00e-04
Total Aromatics |Signa1, Illumination, Red Star M158 6.30e-05 ]6.70e-05 5.80e-05 |6.30e-05 §9.60e-05
Total Aromatics Tritonal surrogate 3.40e-05 2.20e-05 2.30e-05 2.70e-05 1.70e-04
Total Aromatics Tritonal surrogate with calcium stearate 0.00e+00 1.40e-05 }1.40e-05 [1.60e-04
Total Aromatics Tritonal surrogate with water 4.70e-04 1.80e-04 3.60e-04 3.40e-04 |5.20e-04
Total Aromatics TNT (ACC1) 1.70e-05 ]1.50e-05 0.00e+00 |1.60e-05 [6.10e-05
Total Aromatics TNT (ACC2) 3.00e-06 3.00e-06 ]6.00e-05
Total Aromatics TNT (Sandia) 2.70e-06 §9.90e-06 1.20e-05 |]8.20e-06

Total Aromatics T4SE7 Adapter Booster 5.10e-04 }3.20e-04 2.50e-04 3.60e-04 |4.20e-04
Total Aromatics 20 mm HEI Cartridge 2.10e-04 §2.10e-04 2.30e-04 ]2.10e-04 [3.80e-04
Total Aromatics 40 mm HEI Cartridge 1.00e-04 [0.00e+00 0.00e+00 ]1.00e-04 ]2.60e-04
Total HpCDD Signal, Illumination, Red Star AN-M43A2 2.60e-10 {5.70e-10 1.00e-09 []6.10e-10 |6.10e-10
Total Non-methane Hydrocarbons |JAmatol surrogate 7.50e~-04 |]3.40e-04 2.60e-04 4.50e-04 |}5.90e-04
Total Non-methane Hydrocarbons |Amatol surrogate with water 3.60e-03 ]3.80e-03 4.00e-03 |]3.80e-03 }4.20e-03
Total Non-methane Hydrocarbons Cartridge, Impulse, ARD 446-1 1.10e-03 ]9.10e-04 9.10e-04 ]9.80e-04 ]1.70e-03
Total Non-methane Hydrocarbons Cartridge, Impulse, BBU-36/B 7.50e-04 [7.10e-04 8.40e-04 ]7.70e-04 |]1.70e-03
Total Non-methane Hydrocarbons Cartridge, Impulse, MK 107 7.30e-04 6.50e-04 5.60e-04 6.40e-04 ]1.00e-03
Total Non-methane Hydrocarbons Composition B surrogate 5.50e-05 |]1.30e-04 1.50e-04 ]1.10e-04 [3.00e-04
Total Non-methane Hydrocarbons Detonating train 9.20e-04 8.10e-04 8.30e-04 8.50e-04 |]1.60e-03
Total Non-methane Hydrocarbons Flare, IR Countermeasure M206 5.80e-04 [5.60e-04 6.90e-04 ]6.10e-04 |7.10e-04
Total Non-methane Hydrocarbons Fuze, Tail Bomb FMU-139 A/B 1.20e-03 ]1.50e-03 1.50e-03 |]1.40e-03 |1.50e-03
Total Non-methane Hydrocarbons Fuze, Tail Bomb FMU-54 A/B 7.10e-04 |1.30e-03 9.80e-04 ]9.90e-04 [1.50e-03
Total Non-methane Hydrocarbons Gas Generator, GGU-2/A 1.60e-03 |1.70e-03 2.00e-03 ]1.80e-03 |2.10e-03
Total Non-methane Hydrocarbons HBX surrogate 2.00e-04 |7.70e-05 2.70e-04 }1.80e-04 ]5.80e-04
Total Non-methane Hydrocarbons Mine, Claymore, M18Al 4.70e-03 [4.80e-03 5.20e-03 [(4.90e-03 |5.10e-03
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Total

Non-methane

Hydrocarbons

Signal, Illumination, Red Star AN-M43A2 6.80e-04 8.50e-04 7.10e-04 7.40e-04 8.40e-04
Total Non-methane Hydrocarbons Signal, Illumination, Red Star M158 7.90e-04 ]9.50e-04 5.70e-04 ]7.70e-04 |8.80e-04
Total Non-methane Hydrocarbons Tritonal surrogate 3.90e-04 {2.60e-04 1.80e-04 [2.80e-04 }7.50e-04
Total Non-methane Hydrocarbons Tritonal surrogate with calcium stearate 2.80e-05 5.10e-05 |4.00e-05 |5.40e-04
Total Non-methane Hydrocarbons Tritonal surrogate with water 7.00e-03 6.50e-03 7.90e-03 7.10e-03 7.80e-03
Total Non-methane Hydrocarbons TNT (ACC1) 0.00e+00 J2.80e-05 0.00e+00 }2.80e-05 §5.50e-04
Total Non-methane Hydrocarbons TNT (ACC2) 4.00e-05 4.00e-05 [2.10e-04
Total Non-methane Hydrocarbons T45E7 Adapter Booster 2.70e-03 }1.60e-03 1.40e-03 |1.90e-03 ]2.60e-03
Total Non-methane Hydrocarbons 20 mm HEI Cartridge 1.30e-03 [9.20e-04 1.30e-03 {1.20e-03 [2.60e-03
Total Non-methane Hydrocarbons 40 mm HEI Cartridge 6.50e-04 0.00e+00 9.00e-06 ]3.30e-04 |]2.40e-03
Total Unidentified Hydrocarbons |JAmatol surrogate 4.40e-04 ]2.30e-04 1.00e-04 |2.50e-04 |3.30e-04
Total Unidentified Hydrocarbons Amatol surrogate with water 8.10e-04 [8.50e-04 4.30e-04 ]7.00e-04 |8.00e-04
Total Unidentified Hydrocarbons Cartridge, Impulse, ARD 446-1 1.50e-04 |1.50e-04 1.30e-04 [1.40e-04 [2.80e-04
Total Unidentified Hydrocarbons Cartridge, Impulse, BBU-36/B 1.30e-04 1.20e-04 1.20e-04 1.20e-04 [3.10e-04
Total Unidentified Hydrocarbons Cartridge, Impulse, MK 107 7.20e-05 §6.00e-05 6.50e-05 6.60e-05 1.30e-04
Total Unidentified Hydrocarbons Composition B surrogate 3.70e-07 8.60e-05 5.00e-05 4.50e-05 |1.50e-04
Total Unidentified Hydrocarbons {Detonating train 1.00e-04 ]1.00e-04 8.20e-05 ]9.60e-05 {2.40e-04
Total Unidentified Hydrocarbons IFlare, IR Countermeasure M206 3.80e-05 }6.50e-05 9.50e-05 ]6.60e-05 [9.00e-05
Total Unidentified Hydrocarbons lFuze, Tail Bomb FMU-139 A/B 9.60e-05 |]1.30e-04 8.30e-05 }1.00e-04 [1.40e-04
Total Unidentified Hydrocarbons lFuze, Tail Bomb FMU-54 A/B 5.10e-05 |]8.00e-05 7.00e-05 }6.70e-05 J1.20e-04
Total Unidentified Hydrocarbons IGas Generator, GGU-2/A 1.40e-04 J1.20e-04 1.80e-04 |1.50e-04 [2.10e-04
Total Unidentified Hydrocarbons IHBx surrogate 7.30e-05 |0.00e+00 8.40e-05 17.90e-05 }]1.80e-04
Total Unidentified Hydrocarbons lMine, Claymore, M18Al 5.10e-04 }4.00e-04 5.60e-04 |4.90e-04 [6.30e-04
Total Unidentified Hydrocarbons lsignal, Iliumination, Red Star AN-M43A2 3.30e-05 1.10e-04 4.20e-05 6.10e~-05 ]1.00e-04
Total Unidentified Hydrocarbons Isignal, Illumination, Red Star M158 4.10e-05 |6.80e-05 5.80e-05 |]5.60e-05 ]9.10e-0S
Total Unidentified Hydrocarbons Tritonal surrogate 1.20e-04 |9.60e-05 5.40e-05 |9.00e~05 [2.00e-04
Total Unidentified Hydrocarbons Tritonal surrogate with calcium stearate 0.00e+00 3.60e-06 ]3.60e-06 |1.20e-04
Total Unidentified Hydrocarbons [Tritonal surrogate with water 4.70e-04 ]6.00e-04 1.10e-03 [7.10e-04 ]8.70e-04
Total Unidentified Hydrocarbons TNT (ACC1) 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 [3.50e-04
Total Unidentified Hydrocarbons T45E7 Adapter Booster 3.10e-04 0.00e+00 0.00e+00 [3.10e-04 ]5.70e-04
Total Unidentified Hydrocarbons 20 mm HEI Cartridge 3.00e-04 11.20e-04 2.40e-04 ]2.20e-04 |]1.00e-03
Total Unidentified Hydrocarbons 40 mm HEI Cartridge 1.80e-04 0.00e+00 2.00e-04 1.90e-04 1.40e-03
Vinyl chloride jAmatol surrogate 0.00e+00 }0.00e+00 0.00e+00 J0.00e+00 §0.00e+00
Vinyl chloride jAmatol surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Vinyl chloride Cartridge, Impulse, ARD 446-1 0.00e+00 |0.00e+00 0.00e+00 {0.00e+00 [0.00e+00
vinyl chloride Cartridge, Impulse, BBU-36/B 6.10e-07 [2.50e-06 1.90e-06 1.70e-06 1.70e-06
Vinyl chloride Cartridge, Impulse, MK 107 2.40e-06 10.00e+00 0.00e+00 [2.40e-06 ]2.40e-06
Vinyl chloride Composition B surrogate 0.00e+00 J0.00e+00 0.00e+00 [0.00e+00 [0.00e+00
Vinyl chloride Detonating train 1.30e-06 ]0.00e+00 0.00e+00 11.30e-06 [1.30e-06
Vinyl chloride Flare, IR Countermeasure M206 1.50e-06 |1.50e-06 1.50e-06 ]1.50e-06 §1.50e-06
vinyl chloride Fuze, Tail Bomb FMU-139 A/B 2.20e-06 [2.20e-06 1.10e-06 J1.80e-06 |1.80e-06
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Total

Non-methane

Hydrocarbons

Signal, Illumination, Red Star AN-M43A2 6.80e-04 8.50e-04 7.10e-04 7.40e-04 8.40e-04
Total Non-methane Hydrocarbons Signal, Illumination, Red Star M158 7.90e-04 ]9.50e-04 5.70e-04 ]7.70e-04 |8.80e-04
Total Non-methane Hydrocarbons Tritonal surrogate 3.90e-04 {2.60e-04 1.80e-04 [2.80e-04 }7.50e-04
Total Non-methane Hydrocarbons Tritonal surrogate with calcium stearate 2.80e-05 5.10e-05 |4.00e-05 |5.40e-04
Total Non-methane Hydrocarbons Tritonal surrogate with water 7.00e-03 6.50e-03 7.90e-03 7.10e-03 7.80e-03
Total Non-methane Hydrocarbons TNT (ACC1) 0.00e+00 J2.80e-05 0.00e+00 }2.80e-05 §5.50e-04
Total Non-methane Hydrocarbons TNT (ACC2) 4.00e-05 4.00e-05 [2.10e-04
Total Non-methane Hydrocarbons T45E7 Adapter Booster 2.70e-03 }1.60e-03 1.40e-03 |1.90e-03 ]2.60e-03
Total Non-methane Hydrocarbons 20 mm HEI Cartridge 1.30e-03 [9.20e-04 1.30e-03 {1.20e-03 [2.60e-03
Total Non-methane Hydrocarbons 40 mm HEI Cartridge 6.50e-04 0.00e+00 9.00e-06 ]3.30e-04 |]2.40e-03
Total Unidentified Hydrocarbons |JAmatol surrogate 4.40e-04 ]2.30e-04 1.00e-04 |2.50e-04 |3.30e-04
Total Unidentified Hydrocarbons Amatol surrogate with water 8.10e-04 [8.50e-04 4.30e-04 ]7.00e-04 |8.00e-04
Total Unidentified Hydrocarbons Cartridge, Impulse, ARD 446-1 1.50e-04 |1.50e-04 1.30e-04 [1.40e-04 [2.80e-04
Total Unidentified Hydrocarbons Cartridge, Impulse, BBU-36/B 1.30e-04 1.20e-04 1.20e-04 1.20e-04 [3.10e-04
Total Unidentified Hydrocarbons Cartridge, Impulse, MK 107 7.20e-05 §6.00e-05 6.50e-05 6.60e-05 1.30e-04
Total Unidentified Hydrocarbons Composition B surrogate 3.70e-07 8.60e-05 5.00e-05 4.50e-05 |1.50e-04
Total Unidentified Hydrocarbons {Detonating train 1.00e-04 ]1.00e-04 8.20e-05 ]9.60e-05 {2.40e-04
Total Unidentified Hydrocarbons IFlare, IR Countermeasure M206 3.80e-05 }6.50e-05 9.50e-05 ]6.60e-05 [9.00e-05
Total Unidentified Hydrocarbons lFuze, Tail Bomb FMU-139 A/B 9.60e-05 |]1.30e-04 8.30e-05 }1.00e-04 [1.40e-04
Total Unidentified Hydrocarbons lFuze, Tail Bomb FMU-54 A/B 5.10e-05 |]8.00e-05 7.00e-05 }6.70e-05 J1.20e-04
Total Unidentified Hydrocarbons IGas Generator, GGU-2/A 1.40e-04 J1.20e-04 1.80e-04 |1.50e-04 [2.10e-04
Total Unidentified Hydrocarbons IHBx surrogate 7.30e-05 |0.00e+00 8.40e-05 17.90e-05 }]1.80e-04
Total Unidentified Hydrocarbons lMine, Claymore, M18Al 5.10e-04 }4.00e-04 5.60e-04 |4.90e-04 [6.30e-04
Total Unidentified Hydrocarbons lsignal, Iliumination, Red Star AN-M43A2 3.30e-05 1.10e-04 4.20e-05 6.10e~-05 ]1.00e-04
Total Unidentified Hydrocarbons Isignal, Illumination, Red Star M158 4.10e-05 |6.80e-05 5.80e-05 |]5.60e-05 ]9.10e-0S
Total Unidentified Hydrocarbons Tritonal surrogate 1.20e-04 |9.60e-05 5.40e-05 |9.00e~05 [2.00e-04
Total Unidentified Hydrocarbons Tritonal surrogate with calcium stearate 0.00e+00 3.60e-06 ]3.60e-06 |1.20e-04
Total Unidentified Hydrocarbons [Tritonal surrogate with water 4.70e-04 ]6.00e-04 1.10e-03 [7.10e-04 ]8.70e-04
Total Unidentified Hydrocarbons TNT (ACC1) 0.00e+00 [0.00e+00 0.00e+00 ]0.00e+00 [3.50e-04
Total Unidentified Hydrocarbons T45E7 Adapter Booster 3.10e-04 0.00e+00 0.00e+00 [3.10e-04 ]5.70e-04
Total Unidentified Hydrocarbons 20 mm HEI Cartridge 3.00e-04 11.20e-04 2.40e-04 ]2.20e-04 |]1.00e-03
Total Unidentified Hydrocarbons 40 mm HEI Cartridge 1.80e-04 0.00e+00 2.00e-04 1.90e-04 1.40e-03
Vinyl chloride jAmatol surrogate 0.00e+00 }0.00e+00 0.00e+00 J0.00e+00 §0.00e+00
Vinyl chloride jAmatol surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 ]0.00e+00
Vinyl chloride Cartridge, Impulse, ARD 446-1 0.00e+00 |0.00e+00 0.00e+00 {0.00e+00 [0.00e+00
vinyl chloride Cartridge, Impulse, BBU-36/B 6.10e-07 [2.50e-06 1.90e-06 1.70e-06 1.70e-06
Vinyl chloride Cartridge, Impulse, MK 107 2.40e-06 10.00e+00 0.00e+00 [2.40e-06 ]2.40e-06
Vinyl chloride Composition B surrogate 0.00e+00 J0.00e+00 0.00e+00 [0.00e+00 [0.00e+00
Vinyl chloride Detonating train 1.30e-06 ]0.00e+00 0.00e+00 11.30e-06 [1.30e-06
Vinyl chloride Flare, IR Countermeasure M206 1.50e-06 |1.50e-06 1.50e-06 ]1.50e-06 §1.50e-06
vinyl chloride Fuze, Tail Bomb FMU-139 A/B 2.20e-06 [2.20e-06 1.10e-06 J1.80e-06 |1.80e-06
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chloride

Vinyl Fuze, Tail Bomb FMU-54 A/B 0.00e+00 |6.70e-07 | 6.90e-07 ]6.80e-07 ]6.80e-07
Vinyl chloride Gas Generator, GGU-2/A 2.50e-05 §2.80e-05 | 7.70e-05 |]4.40e-05 []4.40e-05
Vinyl chloride HBX surrogate 0.00e+00 ]0.00e+00 | 0.00e+00 }0.00e+00 ]0.00e+00
Vinyl chloride Mine, Claymore, M18Al 1.10e-06 1.10e-06 1.10e-06
Vinyl chloride Signal, Illumination, Red Star AN-M43A2 2.30e-06 |]2.30e-06 2.30e-06 {2.30e-06 ]2.30e-06
Vinyl chloride Signal, Illumination, Red Star M158 8.00e-07 |]1.60e-06 7.80e-07 ]1.10e-06 ]1.10e-06
Vinyl chloride Tritonal surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
Vinyl chloride Tritonal surrogate with calcium stearate 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 {§0.00e+00
Vinyl chloride Tritonal surrogate with water 0.00e+00 {0.00e+00 0.00e+00 ]0.00e+00 J0O.00e+00
Vinyl chloride TNT (ACC1) 0.00e+00 §0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Vinyl chloride TNT (ACC2) 0.00e+00 |0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Vinyl chloride T4SE7 Adapter Booster 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Vinyl chloride 20 mm HEI Cartridge 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 [0.00e+00
vinyl chloride 40 mm HEI Cartridge 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
zZinc |JAmatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 J0.00e+00 |]0.00e+00
Zinc tol surrogate with water 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
zZinc Cartridge, Impulse, ARD 446-1 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 }0.00e+00
Zinc Cartridge, Impulse, BBU-36/B 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Zinc Cartridge, Impulse, MK 107 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Zinc Composition B surrogate 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Zinc fDetonating train 0.00e+00 0.00e+00 0.00e+00 0.00e+00 0.00e+00
Zinc lFlare, IR Countermeasure M206 0.00e+00 }0.00e+00 0.00e+00 ]0.00e+00 JO.00e+00
Zinc IFuze, Tail Bomb FMU-139 A/B 8.20e-03 }5.40e-03 5.00e-03 |6.20e-03 ]6.30e-03
Zinc lFuze, Tail Bomb FMU-54 A/B 0.00e+00 10.00e+00 0.00e+00 ]0.00e+00 {8.20e-05
Zinc Gas Generator, GGU-2/A 1.60e-04 §2.40e-04 1.50e-04 1.80e-04 ]2.10e-04
Zinc HBX surrogate 0.00e+00 {2.10e-04 2.60e-04 1.40e-04 1.40e-04
Zinc Mine, Claymore, M18Al 1.60e-03 ]0.00e+00 0.00e+00 }J1.60e-03 |8.00e-05S
Zinc {Signal, Illumination, Red Star AN-M43A2 5.80e-04 ]2.70e-04 1.80e-04 [3.40e-04 |3.50e-04
Zinc Isignal, Illumination, Red Star M158 0.00e+00 |0.00e+00 0.00e+00 ]0.00e+00 |]0.00e+00
Zinc Tritonal surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
Zinc Tritonal surrogate with calcium stearate 1.60e-04 0.00e+00 ]7.00e-05 ]7.70e-0S
Zinc Tritonal surrogate with water 0.00e+00 J0.00e+00 0.00e+00 ]0.00e+00 |]0.00e+00
Zinc TNT (ACC1) 0.00e+00 0.00e+00 ]0.00e+00
Zinc TNT (ACC2) 1.00e-05 1.00e-05 ]2.00e-05
Zinc T4SE7 Adapter Booster 2.90e-03 2.90e-03 14.20e-04
Zinc 20 mm HEI Cartridge 1.60e-02 1.60e-02 ]7.40e-03
Zinc 40 mm HEI Cartridge 1.10e-03 1.10e-03 ]2.80e-04
1-Butene Amatol surrogate 1.90e-06 }0.00e+00 1.50e-06 [}1.70e-06 ]1.70e-06
1-Butene Amatol surrogate with water 8.10e-05 1.50e-04 7.90e-05 ]1.00e-04 1.00e-04
1-Butene Cartridge, Impulse, ARD 446-1 0.00e+00 10.00e+00 0.00e+00 [0.00e+00 [0.00e+00
1-Butene Cartridge, Impulse, BBU-36/B 6.00e-06 |6.40e-06 9.40e-06 [17.30e-06 17.30e-06
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Cartridge, Impulse, MK 107

1-Butene 1.10e~-05 [1.00e-05 8.60e-06 ]1.00e-05 }1.00e-05
1-Butene Composition B surrogate 7.40e-07 ]0.00e+00 1.80e-06 |1.30e-06 {1.10e-06
1-Butene Detonating train 3.10e-05 ]0.00e+00 0.00e+00 }3.10e-05 }3.10e-05
1-Butene [Flare, IR Countermeasure M206 7.30e-06 }6.20e-06 1.10e-05 [8.10e-06 |8.10e-06
1-Butene lFuze, Tail Bomb FMU-139 A/B 1.70e-05 ]1.60e-05 1.60e-05 |1.60e-05 [1.60e-05
1-Butene Fuze, Tail Bomb FMU-54 A/B 9.80e-06 [|1.30e-05 9.50e-06 (1.10e-05 |1.10e-05
1-Butene Gas Generator, GGU-2/A 4.10e-05 ]3.90e-05 4.60e-05 ]4.20e-05 [4.20e-05
1-Butene HBX surrogate 8.00e-06 ]4.50e-06 6.30e-06 [6.30e-06 ]6.30e-06
1-Butene Mine, Claymore, M18A1 5.90e-06 19.80e-06 7.10e-06 ]7.60e-06 [7.60e-06
1-Butene lsignal, Illumination, Red Star AN-M43A2 1.30e-05 |1.20e-05 1.00e-05 ]1.20e-05 [1.20e-05
1-Butene Signal, Illumination, Red Star M158 2.40e-05 }2.60e-05 1.90e-05 [2.30e-05 |2.30e-05
1-Butene Tritonal surrogate 0.00e+00 ]1.50e-06 2.50e-06 ]2.00e-06 |2.00e-06
1-Butene Tritonal surrogate with calcium stearate 5.50e-06 1.80e-06 [3.70e-06 }3.70e~06
1-Butene Tritonal surrogate with water 2.80e~05 |1.90e-05 2.70e-05 }2.50e-05 ]2.50e-05
1-Butene TNT (ACC1) 1.80e-06 ]1.90e-06 1.90e-06 ]1.90e-06 |1.90e-06
1-Butene TNT (ACC2) 1.50e-06 1.50e-06 1.50e-06
1-Butene T4SE7 Adapter Booster 0.00e+00 §4.50e-05 5.40e-05 4.90e-05 [4.90e-05
1-Butene 20 mm HEI.Cartridge 0.00e+00 ]2.20e-05 2.70e-05 2.40e-05 [2.40e-05
1-Butene 40 mm HEI Cartridge 6.60e-06 [5.00e-06 3.30e-06 [5.00e-06 [5.00e-06
1-Hexene jAmatol surrogate 2.60e-06 1.50e-06 1.90e-06 2.00e-06 [2.00e-06
1-Hexene jAmatol surrogate with water 3.50e-05 }7.40e-05 4.50e-05 |5.10e-05 [5.20e-05
1-Hexene Cartridge, Impulse, ARD 446-1 1.90e-05 1.80e-05 1.70e-05 1.80e-05 |1.80e-0S
1-Hexene Cartridge, Impulse, BBU-36/B 1.60e-05 1.80e-05 2.30e-05 1.90e-05 1.90e-05
1-Hexene Cartridge, Impulse, MK 107 7.30e-06 6.60e-06 7.30e-06 7.10e-06 7.10e-06
1-Hexene Composition B surrogate 1.50e-06 ]1.90e-06 1.50e-06 [1.60e-06 1.60e-06
1-Hexene Detonating train 2.30e-05 ]2.20e-05 2.80e-05 12.40e-05 |2.40e-05
1-Hexene Flare, IR Countermeasure M206 5.60e-06 |5.50e-06 6.80e-06 |6.00e-06 §6.00e-06
1-Hexene IFuze, Tail Bomb FMU-139 A/B 8.80e-06 [9.20e-06 8.20e-06 {8.70e-06 |8.70e-06
1-Hexene Fuze, Tail Bomb FMU-54 A/B 6.50e-06 |B.60e-06 6.40e-06 |7.20e-06 [7.20e-06
1-Hexene Gas Generator, GGU-2/A 1.20e-05 |1.10e-0S 1.20e-05 [1.20e-05 ]1.20e-0S
1-Hexene HBX surrogate 2.20e-06 ]2.50e-06 3.30e-06 [2.70e-06 [3.00e-06
1-Hexene |Mine, Claymore, M18A1 2.40e-06 ]2.50e-06 2.40e-06 ]2.40e-06 |2.40e-06
1-Hexene lSignal , Illumination, Red Star AN-M43A2 9.00e-06 1.10e-05 8.60e-06 9.50e-06 ]9.50e-06
1-Hexene lSignal, Illumination, Red Star M158 1.90e-05 {1.80e-05 1.60e-05 J1.70e-05 [1.70e-05
1-Hexene Tritonal surrogate 2.60e-06 ]1.10e-06 2.50e-06 ]2.10e-06 J2.50e-06
1-Hexene Tritonal surrogate with calcium stearate 2.90e-06 2.60e-06 |2.80e-06 [3.10e-06
1-Hexene Tritonal surrogate with water 1.80e-05 [1.90e-05 2.60e-05 [2.10e-05 [2.20e-05
1-Hexene 'TNT (ACC1) 2.30e-06 ]2.40e-06 1.90e-06 12.20e-06 ]2.20e-06
1-Hexene 'TNT (ACC2) 1.50e-06 1.50e-06 ]1.50e-06
1-Hexene T45E7 Adapter Booster 3.40e-05 [2.80e-0S 2.30e-05 ]2.80e-05 [2.80e-05
1-Hexene PO mm HEI Cartridge 4.90e-06 |4.30e-06 4.10e-06_ ]4.40e-06 [4.40e-06
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1-Hexene 40 mm HEI Cartridge 1.70e-06 |B8.20e-07 | 1.60e-06 }1.40e-06 [4.10e-06
1l-Pentene Amatol surrogate 1.10e-06 [}1.90e-06 7.40e-07 [1.20e-06 |1.20e-06
1-Pentene Amatol surrogate with water 3.30e-05 |]6.80e-05 4.80e-05 ]4.90e-05 |]5.00e-0S
1-Pentene Cartridge, Impulse, ARD 446-1 9.50e-06 ]8.70e-06 8.20e-06 |[8.90e-06 1.30e-05
1-Pentene Cartridge, Impulse, BBU-36/B 9.00e-06 }9.80e-06 1.20e-05 ]1.00e-05 1.00e-05
1-Pentene Cartridge, Impulse, MK 107 4.50e-06 |4.20e-06 4.50e-06 [4.40e-06 ]4.40e-06
1-Pentene Composition B surrogate 0.00e+00 J0.00e+00 0.00e+00 ]0.00e+00 0.00e+00
1-Pentene Detonating train 1.20e-05 }1.40e-05 1.60e-05 [1.40e-05 [|2.20e-05
1-Pentene |Flare, IR Countermeasure M206 4.00e-06 ]2.70e-06 3.70e-06 {3.50e-06 |]3.50e-06
1-Pentene ll-‘uze, Tail Bomb FMU-139 A/B 5.80e-06 |7.30e-06 5.30e-06 |6.10e-06 [6.10e-06
1-Pentene Fuze, Tail Bomb FMU-54 A/B 5.30e-06 §6.20e-06 3.60e-06 |5.10e-06 [7.00e-06
1-Pentene Gas Generator, GGU-2/A 5.90e-06 |]5.30e-06 6.70e-06 |6.00e-06 |6.00e-06
1-Pentene HBX surrogate 1.10e-06 ]1.60e-06 1.90e-06 }1.50e-06 1.70e-06
1-Pentene Mine, Claymore, M18A1 9.70e-07 ]1.50e-06 1.90e-06 [|1.40e-06 {1.40e-06
1-Pentene Isignal, Illumination, Red Star AN-M43A2 0.00e+00 |5.90e-06 5.20e-06 |}5.60e-06 |5.60e-06
1-Pentene ISignal, Illumination, Red Star M158 9.80e-06 1.20e-05 8.60e-06 ]1.00e-05 1.00e-05
1-Pentene Tritonal surrogate 1.50e-06 |1.50e-06 1.50e-06 §1.50e-06 |1.70e-06
1-Pentene Tritonal surrogate with calcium stearate 3.70e-07 1.50e-06 ]9.10e-07 9.10e-07
1-Pentene Tritonal surrogate with water 1.50e-05 ]1.50e-05 2.40e-05 |]1.80e-05 1.80e-05
1-Pentene TNT (ACC1l) 1.80e-06 ]1.40e-06 9.60e-07 [|1.40e-06 |1.40e-06
1-Pentene TNT (ACC2) 7.40e-07 7.40e-07 |7.40e-07
1-Pentene TASE7 Adapter Booster 2.40e-05 |1.90e-05 1.50e-05 []1.90e-05 ]1.90e-05
1-Pentene 20 mm HEXI Cartridge 2.80e-06 [}5.80e-06 2.00e-06 [|3.50e-06 |S5.90e-06
1-Pentene 40 mm HEI Cartridge 1.70e-06 ]0.00e+00 8.20e-07 ]1.20e-06 |3.30e-06
1, 3-Butadiene |Amatol surrogate 0.00e+00 ]0.00e+00 0.00e+00 }0.00e+00 §0.00e+00
1, 3-Butadiene |Amatol surrogate with water 3.70e-06 }]8.90e-06 6.30e-06 {6.30e-06 6.30e-06
1,3-Butadiene Cartridge, Impulse, ARD 446-1 8.80e-06 6.70e-06 4.70e-06 |6.70e-06 6.70e-06
1, 3-Butadiene Cartridge, Impulse, BBU-36/B 2.70e-06 [2.50e-06 3.10e-06 [2.80e-06 }6.30e-06
1, 3-Butadiene Cartridge, Impulse, MK 107 2.10e-06 ]2.10e-06 1.80e-06 [2.00e-06 ]2.00e-06
1, 3-Butadiene Composition B surrogate 0.00e+00 ]0.00e+00 0.00e+00 ]0.00e+00 ]0.00e+00
1, 3-Butadiene |[Detonating train 5.50e-06 |8.70e-06 1.30e-05 |9.00e-06 9.00e-06
1,3-Butadiene Il-‘lare, IR Countermeasure M206 3.70e-06 |]2.70e-06 2.70e-06 }3.00e-06 |]3.00e-06
1,3-Butadiene ll-‘uze, Tail Bomb FMU-139 A/B 2.70e-05 |]1.70e-05 1.90e-05 §2.10e-05 }2.10e-05
1,3-Butadiene IFuze, Tail Bomb FMU-54 A/B 3.30e-06 ]4.70e-06 5.50e-06 ]4.50e-06 |4.50e-06
1, 3-Butadiene ]Gas Generator, GGU-2/A 2.20e-05 {2.60e-05 3.30e-05 |]2.70e-05 |2.70e-05
1,3-Butadiene IHBX surrogate 1.50e-06 |8.20e-07 1.90e-06 |1.40e-06 1.40e-06
1, 3-Butadiene IMine, Claymore, M18Al 3.90e-06 |2.50e-06 1.90e-06 }2.70e-06 ]2.70e-06
1, 3~-Butadiene Signal, Illumination, Red Star AN-M43A2 2.40e-06 ]2.10e-06 1.00e-06 ]1.90e-06 1.90e-06
1, 3-Butadiene Signal, Illumination, Red Star M158 1.30e-05 ]1.30e-05 1.10e-05 {1.20e-05 |1.20e-05
1,3-Butadiene Tritonal surrogate 3.70e-07 ]0.00e+00 1.50e-06 ]9.10e-07 [9.10e-07
1,3-Butadiene Tritonal surrogate with calcium stearate 1.80e-06 7.30e-07 1.30e-06 1.30e-06
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1,3-Butadiene Tritonal surrogate with water 1.70e-05 .90e-05 .30e-05 }3.00e-05 }3.00e-05
1,3-Butadiene TNT (ACC1) 3.20e-06 .60e-07 9.60e-07 1.70e-06 1.70e-06
1,3-Butadiene TNT (ACC2) 3.70e-07 3.70e-07 }3.70e-07
1,3-Butadiene T4S5E7 Adapter Booster 4.30e-05 1.50e-05 .30e-05 2.30e-05 [2.30e-05
1,3-Butadiene 20 mm HEI Cartridge 5.60e-06 4.30e-06 5.40e-06 5.10e-06 5.10e-06
1,3-Butadiene 40 mm HEI Cartridge 4.20e-06 8.20e-07 8.20e-07 1.90e-06 1.90e-06
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